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OF FORCE CONTROL 



With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of torce control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product — SARGENT. 


SARGENT 

FACiUlTIES 

Research 

Design 

Development 

Qualifying 


Manufacturing 
Including — 

Machining & Grinding 
Heat Treating, all types 
Plating, all types 
Inspection 
Assembly 


SARGENT 

BUILDS 

Servo -Systems 
Hydraulic Systems 
Integrated Packages 
Hydraulic Actuators 
Hydraulic Valves 


Hydraulic Pumps 
Hydraulic Motors 
Pneumatic Cylinders 
Pneumatic Valves 
Ball Screw Actuators 
Sear Actuators 
Gear Accessory Boxes 
Electronic Systems 


Sf’/'ani/aid &cceUe>t«e 

‘'GOOD WILD" is the disposition 0 / 

Ihfi plMiMji d cuiUlUier tOi’cluTH to the 
place where he haa been well treated. 

- V.S. Supreme Court 
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TRANS-SONICS 


PRESSURE POTENTIOMETERS 



SgEglililils 



Ry 07 ld tlx Specifkatimu. . . 

the Total Engineering Stoiy 


•t of the story. At Trans-Sonics, Inci, 
nning. For each basic design, three 
sts are available containing thousands 
s. Essential information on perform- 


ance under temperature, vibration, shock and humidity i 
investigated, sifted out and recorded for easy reference. 



This extensive data enables the user to quickly evaluate 
performance under new or unexpected environmental condi- 
tions. As a result, greater design freedom is possible and 
valuable engineering time is saved. Write to Trans-Sonics, 
Inc., Dept. 7. Burlington, Massachusetts, for Pressure 
Potentiometer Bulletin; or if you prefer, describe your operat- 
ing environment and quantitative information will be provided. 


TRANS-SONICS 

IkoMciujimA 


AVIATION WEEK, June 1«, 19S8 






Is this the Forgotten Area 


Many plants that pride themselves on modern 
methods are still using manual labor for turning 
and positioning large weldments. 

Are you one of these? 

P&H Welding Positioners can bring modern 
handling techniques to your weld shop. These 
laborsaving machines have proved to save as 
much as 43% of the total welding costs by 
mechanizing weldment handling. A simple push 
of a button spots the work-piece — no matter 
how bulky — so that all welds are downhand. 


Downhand welding is faster, permits the use 
of hotter rods, thus speeds production. The 
work-piece is securely mounted, too, so that the 
worker’s safety is immeasurably greater than 
when wooden blocking set-ups are used. 

Investigate P*H Welding Positioners. Write 
for “What You Should Know About Welding 
Positioners,” Dept. 312H, Harnischfeger Corp., 
Milwaukee 46, Wisconsin. 

HARNISCHFEOER 

WELOERS • EUECTROOES •POSITIONERS 



Americans in motion depend upon Holley 

The scartling advances in the Iasi decade 
in pounds of (hrusl. in horsepower hove 
exceeded nearly every olher decade in 
America’s engine development history- The 
challenge of contributing to this advance 
has fallen to Holley engineering teams with 
such varied problems as lighter weight, 
more compact fuel controls for jet engines, 
carburetors with more and more breathing 
capacity, ignition systems with more and 
more accuracy. 

Holley's two teams of design and manu- 
facturing engineers have developed prod- 


ucts as unlike the carburetors of the past as 
jet engines to Stanley steamers. 

Today, Americans stand on the threshold 
of a decade which will far oulmodc the 
power outputs of today. Holley engineers 
are currently working on control systems 
for power outputs relegated just yesterday 

As in the last fifty years. Americans in 
motion will depend upon Holley products. 

For more information about Holley 
products, automotive and aircraft, write to 
HOLLEY CARBURETOR CO.. 1195S 
E. Nine Mile Road, Warren, Michigan. 





6- OR a-CHANNEL 
OSCILLOGRAPHIC 
RECORDING SYSTEM 


fREQUENCY RESPONSE TO 120 CPS 




lets lhan D.1 dlv. For 24 volt lino voltaso chonfloo. Roiponoo time 
1% with 20 ”C. and 20 volt ehonooo. 


LINEARITY; 0.2 DIVISION OVER 
ENTIRE 50 DIV. CHART WIDTH 


SOBJtCf 70 CHANOe WITHOUT NOIlCf) 


T his is the new Sanborn "350" — today's most 
comprehensive answer to combined improved 
performance, versatility and reliability in an 
oscillographic recording system of compact size. 
First compare all the "350” design and perform- 
ance improvements . . . then consider the many 
ways they can help you do more kind$ of measure- 
ment and recording, with more accuracy, speed, 
convenience and reliability. 


Exporloneod taloi -onglnoeilng topreionlallvet 
grlfielpol citiot. Cali Iht gpo pear yep for e< 
*i34p" (odi. 


INDUSTRIAL DIVISION 


SANBORN COMPANY 


6. OR 8-CHANNEL SYSTEM 
IN ONE CABINET 




HEAVY CURRENT FEEDBACK, 
TRANSISTORIZED POWER AMPLIFIERS 

IP term drift lets than 0.2 dlv. over 20^C. changet. iherl It 


only one direct writer 


HE NEW 
SANBORN 


gives you aii these features 


INTERCHANGEABLE PREAMPLIFIERS 
WITH INDIVIDUAL POWER SUPPLIES 

Compact, plug. in unltt with pantlt. Pretent types 


LIMITER CIRCUIT AHEAD OF 
POWER AMPLIFIERS 
ASSURES DAMPING AT ALL TIMES 


RUGGED, RELIABLE, LOW VOLTAGE, 
LOW IMPEDANCE GALVANOMETERS 

rgllabiUty. High lerque (2S0.000 dyne-cm.}. Hysttresis level 


RECORDER-POWER AMPLIFIER PACKAGE 
IN ONLY OP PANEL SPACE 


GALVANOMETER 
NATURAL FREQUENCY 55 CPS 

Higher natural frequency providec higher over.all cyclem frequency. 


INKLESS RECORDINGS IN TRUE 
RECTANGULAR COORDINATES 

Permapaper. Chari channel width Itic' <apprex. 4 cmj, ruled in 


RECORDER-AMPLIFIER UNIT HAS 
0.1 VOLT/CHART DIV. SENSITIVITY 

■npunled in one cobinei.) 


ELECTRICAL PUSHBUTTON CHART 
SPEED CONTROL, WITH 
PROVISION FOR REMOTE CONTROL 

Any ef nine speeds (0.25, 0.5, T,0, 2.5, 5, 10, 25, 50, 100 mm/sec.) 

Ic strip far channei idenli- 


QUALITY COMPONENTS USED 
THROUGHOUT 

■ he photas hermellcoiiy sealed Mii,.T-27 power transformers, . 


VELOCITY FEEDBACK DAMPING 



WITH ARC’S TYPE 210 TRANSCEIVER 


The rapidly increasing volume of air traffic and 
the need for more precise traffic control has ne- 
cessitated a tremendous increase in the number of 
assigned radio frequencies to carry on the neces- 
sary air-ground communications, 

Only a few years ago pilots could operate with 
10 or 20 channels. Later frequencies were in- 
creased to 80 or 90. Plans now call for 360 fre- 
quencies — enough to meet the need for years to 
come. In view of this channel increase, ARC now 
offers an all-channel, flight proven transmitter- 
receiver {Type 210 Transceiver) covering all 360 


channels. The powerful 15 watts guarantees opti- 
mum distance range and the knifelike selectivity 
assures freedom from adjacent channel interfer- 
ence. Provision has been made for the selective 
use of single or double channel simplex whereby 
transmissions are made on a frequency 6 mega- 
cycles higher than the receiver frequency. There 
is no wait between receiving and transmitting for 
re-channeling. 

This is ARC’S latest contribution to air safely. 
Ask your dealer for a quotation to include a single 
or dual installation, along with other units of ARC 
equipment listed below. 


D9pwd«ble Airboma Electronic Equipment Since X92S 

l^adio Corporation boonton, n. j. 

eumcc tECEIVHS • MIHIMUIIIZEa tUTOHlTIC DlieCIlEIK nilDEIIS • CaUBSt OIIECTOIIS • IF aeCtlVEIS AHO 109 P DIBEerOH FINDEIS 
UHF AND <HF lECCIVtBS AHO TOAHSHITTEHS (5 ro 3 ED CHAHNtlSl • IHTERPHOHt AKPIIFIEIS • HlOH NWEAEO CAOIK AODtO AIIPUFIEtS 
1 D.CFUKHEL IMLATIOH AHPUrEK • DHNIUHOE SIOHAl OEHEIIATOIIS AMD STAHDAID COURSE CHECAERS • 900 2100 MO SICUL BENIUtORS 





From the whistle of wing struts in the wind 
to the roar and whoosh of swirling exhaust 
gasses against a launching pad, Ex-Cell-0 has 
played an important role in aircraft develop- 
ment-working and growing with the aircraft 
industry as a pioneer in the production of 
precision parts and assemblies. 

From the Ex-Cell-0 components logging 
hour after hour in reciprocating aircraft 
engines to our precision-made jet rotors and 
blades, actuators, fuel nozzles, valves 
and controk, Ex-CeIl-0 aircraft parts have 


paid big dividends in superior performance. 
If you have a problem in precision control or 
complex flight components which our experi- 
ence can solve . . . contact Ex-Cell-0 today. 

ex-ccu-o eon precision ®) 

£XC£UOj_ 

t.? ?R 7, i 


ID MISSILES FLY HIGHER, FASTER AND SAFER WITH PARTS 


ASSEMBLIES BY EX-( 



BRUNSWICK PROVIDES ALL THREE. .. IN THREE MAJOR MATERIALS 


In reinforced plastics , Brunswick 
is currently producing a large vol- 
ume of assemblies in honeycomb 
core, foamed in place, solid lami- 
nate and anti-icing reinforced 
plastics. Facilities include com- 
plete electronic testing equip- 
ment for every type of radome. 


In metal honeycomb . Brunswick 
produces many fabrications, in- 
cluding those which require com- 
pound curvatures and extremely 
close tolerances. And Brunswick 
offers a complete choice of the 
most advanced adhesive systems, 
tailored to your requirements. 


In conventional metalwork, 
Brunswick supplies the aircraft 
industry with pressurized wind- 
shield and canopy assemblies, 
major radar assemblies, ailerons 
and flaps. To put Brunswick’s de- 
sign, fabrication and testing facil- 
ities at your service, write today. 


BRUNSWICK 

THE BRUNSWtCK-BALKE-COLLENDER COMPANY, DEFENSE PRODUCTS DIVISION, 1700 Messier St., Muskegon, Michigan 


For lower costs eind greater speed in the activation of instrumentation, auto- 
mation, and control systems ^ For greater reliability and superior performance 
of the completed system ^ Specify cables by Pacific Automation Products, 
Inc., and installation of cable, computers, instruments, controls, consoles, and 
accessories by PAP’s expert crew of installation specialists. ^ Complete factory 
assembly of cable components, coordination of design and installation concepts 
at the site, and placement of sole responsibility for system operation and vabda- 
tion can produce the same benefits for your facility that are now being enjoyed 
at test and launch sites of the great Atlas missile. ^ 



Pacific Automation Products, inc. 




Margin for Error ... None! 


1 on iiilu y.Mir dual opfiroacli- A I pnrLirly llic rigiit iiistanl llii- l.Hiuliiij' 

>i>£nal Oniccr lUj^s voii (n ciil vour |iov\'cr — and vouVl* alioard! ^ 5 ijcIi i^kill and 
precision is iiidiealivc of that Hhii’li U ri'fpiirffj Uxluy in en*rv jiiiurtr of tile aii'n'aft 
industry. The bearings in inoderii jet tnrhiiies. for iib.latli'e. niiisl he lirlil to 
ji'i'uratc tolerances □le.'isni'cd in inillionllis of an ineli. That's nliy the leading 
jet turbine mannfaetnrers speeifv Boi\er aircraft hearings lirst. H'lieir exceptional 
high tpiality and unerring precision allow Hotrer bearings to stantl nnhelievahle 
lurhiiie spiH<ds and temperatures — that mateh the supersonic speeds of lodav's 
jet aircraft — iiil/i n iiiiiiimiim of liihricalii>n. tir W liatcver xuti produce, it it uses 
hearings, specify flower! Chouse from a tsrmplete line of lajH'retl. straight arul 
juciriial roller bearings fur every held of transportation and industry. 

BOWER ROtlER BEARING DIVISION 
FEDERAt-MOGUL-BOWER BEARINGS. INC. • DETROIT U. MICHIGAN 



BOWER . 

14 Circle Number 10 on Reoder-Serv'ce Cord 


BEARINGS 


ANOTHER 

ADEL 


ACHIEVEMENT 

New Electric Motor Driven 
Hydraulic POWER PACKAGE 
For Guided Missiles 


POWERFUL • SMALL • COMPACT 
RELIABLE • LIGHTWEIGHT 
SUPERIOR PERFORMANCE 



Rc\c 
Desiii'i 
Develiipmenl 
Qualificaiioii Testing 
Precision Production 


PRECISION 
PRODUCTS 

A DIVISIEN OF GENERAL METALS CORPORATION 
BURBANK. CALIFORNIA 


rsTi 

■ Mira'SullcARaauiaatlc ■ 
^ Contral EaulRoient | 

1 Antl-lctnt, Heaters 
1 Fuel System Equipment 

1 ^ 1 

1 Accessaries | 

\m\ 

1 Splenpid Operated Valves | 

Ullr 

1 Electric Mclor Driven H 

1 HydraullcPcwerFackates | 






T-37 
AT WORK 


Side-by-side seating 

in Cessna's T-37 jet trainer 

fits the new USAF training concept: 

a quicker, easier transition into combat jets! 

Other features— high-aititude performance 

and high to low speeds 

with easy handling. 

USAF saves training time, 
money! 

CESSNA AIRCRAFT C O., WIC H ITA. K A NS. 




§^^-ACTING B SERIES 

nin SELF-LOCKING ni|ic 

HKiuick-ReleaseHUJ 


I the pin that's designed for positive 
J release. ..even under "over-load” or 
|yi “bound" conditions! 

I Double-acting PIP Pins combine rugged strength and 
I dependability with instakt insestiok, self-safetying . . . 
I and QUICK RBt-BASB! Cotter pins, nuts, bolts and other 
I retaining devices are completely eliminated. Result — 

I unlimited design freedom and accessibility where units arc 
I frequently assembled and disassembled . . , permits 
quick-change of mechanical units , . . speeds assembly of portable 
equipment . . . reduces servicing costs. 


DifBcult fastening applications where ordinary fastening devices may 
“bind" in misaligned holes or under unusually heavy loads are “made to 
order” situations for double-acting “B” Series PIP Pins, which operate 
on the fast push-to-insert— pull-to-remove principle... but have the added 
advantage of the exclusive PIP “drive-in"-"drive-out" spindle. It’s the 
safest, most reliable self-locking quick-release pin available! 


MEETS RIGID REQUIREMENTS 

Double-acting PIP Pins are used by every major aircraft manufacturer 
and the military services ... are specified for use in missiles ... used by 
leading manufacturers of electronics, industrial and materials handling 
equipment and have proven their complete reliability in many other fields. 
Get exclusive PIP Pin "drive-in”-drive-out” advantages in standard 
diameters to fit most nominal holes. "B” Series PIP Pins with continuous 
steel ring aid forcible release and adapts to remote release systems. 

Use the experience and technical knowledge of our Engineering Staff 
to determine the right solution to your quick-release fastening pi-obiem. 



Clevis fitting Tube assembly Bracket assembly 



Circle 





He Found 
Success in the Air 


At California's Ontario International 
Airport, 35 miles from downtown 
Los Angeles, Shell dealer Les Farrar 
runs one of the fastest growing 
aviation service companies in America 
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As Les will tell you, to run a successful avia- 
tion service you must have top-flight products 
and equipment. 

In his own words, “I was looking for an Ofl 
Company that guaranteed quality products— 
quality service— down-the-line dependability. 
And I wanted the best dealer-supplier rela- 
tionship available. I found Shell’s approach 
similar to mine— a 24-hour readiness to go 
beyond the letter of a contract to be helpful.” 


So Les Farrar teamed up with Shell 5 years a^o. 

Today Ontario Internationa] Airport pro- 
vides rapid, efficient fueling service for com- 
mercial, military, business and private aircraft 
... in fact just about anything that flies. 
Growth has been rapid . . . gallonage has in- 



Round-th«-cIock tower and modern all-weather equipment 
serve the airlines, a Forestry Service fire-fighting unit, an 
Air National Guard unit and turn-around customers. 



Studying airport expansion plans <left to right) are Art 
Clark, vice-president of Lea Farrar Aviation Services; 
Thomas E. Flaherty. Airport Manager: Fred Stewart. 
SheU Aviation Representative; and Les Farrar. 


creased twenty times in the five years Les has 
been with Shell. 

How does he do it? Les picks up valuable 
merchandising tips from the Shell dealer 
magazine. And through the Shell Aviation Spe- 
cialist, Les keeps posted on new ways to build 
the kind of service fliers want. 

A key part of his service program is the 
Shell Credit Card System ... a time-saver de- 
signed to help fliers meet exacting schedules. 

Business is good at Ontario. In fact it is so 
good that Les is looking forward to expanding 
his facilities. Plans include a new 2,000-foot 
runway extension to accommodate the ever- 
increasing traffic. 

The fine reputation of the Les Farrar Avia- 
tion Service is widespread and still growing. 
As for the futme? Les himself will tell you that 
with SheU helping him in every venture — the 
sky’s the limit! 



Giant military transports come to Ontario for modification 
by Southern California Aircraft Corporation and Lockheed 
Aircraft Service Corporation. They rely on Les Farrar for 
fine service and Shell for high-quality fuels and lubricants. 


It pays to be a Shell Aviation Dealer 

— anti your nearest SheU Office wiU be glad to teU you why 
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announcing Udimet 600 and 700 < 3 x 3 x 3 ^ 

for a wider range of applications at elevated temperatures! a i. >. o « a 




get high strength and uniformity with 
TRENTWELD stainless and high alloy 

pipe and tubing (sizes range from i\8" to Ifi" 0. D.) 


As Trent makes them, today’s welded pipe and 
tubing are as strong as — and even more uniform 
than — pipe and tubing made by any other method 
of manufacture. That’s because (!) an exclusive 
welding process (Contour Trentweld*) virtually 
eliminates any bead or undercut, and (2) cold 
working and annealing after welding make the 
weld equal in strength and corrosion resistance to 
the parent metal. 

Furthermore, Trent checks the quality of its 
pipe and tubing with a series of strict tests. All 
strip going into the welder is checked for width 
and tolerance. Samples of each lot are tensile 
tested. Periodic tests — flattening, reverse bend, 
flare and flange, coil and pressure — are conducted. 
Pipe and tubing for corrosive applications get 
rigid corrosion tests. And, if necessary, “single- 


wall” X-ray inspections, exclusive with Trent, can 
be made on any lot, 

Naturally, pipe and tubing made to these stand- 
ards can’t be surpassed for strength, uniformity 
and service. But get complete details — 




OXIDIZATION SESISTANCe 
SURFACE 



TEMPERATURE- ( 


New alloy! 

New oxidation resistance! 

Graph shows 100-hour oxidation resistance 
that Inconel "702" provides from 2000' F to 2400°F 

Inconel “702”''-' nickel-chromium alloy has been developed for 
high temperature problems encountered in missile hardware and 
similar applications. 

Basically it's a modification of Inconel'' nickel-chromium alloy 

with high-aluminum (2.75—3.75%), low-titanium (0.25—1.0%). 

Inconel “702" quickly acquires a thin (*,001-inch) protec- 
tive coating in high temperature environments. Even up to 2400' F 
no further penetration occurs, thanks in part to the presence of 
an NiAI:i constituent. 

Inconel “702" can be forged, machined, welded and annealed. 
Mechanical properties can be improved by age hardening. 

Availability 

Inconel ‘‘702" alloy is available as cold rolled, annealed sheet. 
Cold drawn wire and tubing and cold rolled strip have been pro- 
duced in limited quantities, too. For information on these mill 
forms and others, write to: ’BcBiaurcd vadenuick 

THE INTERNATIONAL NICKEL COMPANY 

67 Wall Street New York S, N. Y. 



INCO NICKEL ALLOYS 


NICKEL ALLOYS PERFORM BETTER LONGER 
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CANADA’S SWIFT, FAR-RANGING ANSWER TO ANY SECURITY THREAT 


Every advance in aircraft engineering is 
exemplified in the Avro Arrow, capable 
of traveling at well over twice the speed of 
sound to intercept and destroy enemy air- 
craft at extremely liigh altitudes. RCA has 
been assigned full responsibility for the de- 
velopment of a complete electronic system 
for fire control, navigation and communi- 
cation, and an integrated automatic flight 


conti-ol system. While an enemy plane is still 
beyond the range of human eye, this radar 
system will detect it, and provide the in- 
tercepting pilot with a continuous flow 
of information, electronically computed in 
terms of position, range and rate of closing. 
Associated with RCA in the project are 
the iMinneapolis-Honeywell Regulator Com- 
pany and several Canadian firms. 



RADIO CORPORATION of AMERICA 


OEfENSE ELECTRONIC PRODUCTS 
CAMDEN. N.J. 



To provide assured reliability 
and full capabilities of 


ELtCrRO~MECHANI€AL CONTROLS, 
SWITCHES and OTHER COMPONENTS 
FOR MISSILE~TYPE APPLICATIONS 






OMPONEN7S 



/Men wf?o jpec(o/)ze in aircraft and missile confroJ problems and producfs 


“AUCG” is composed of highly-trained tech* 
nical specialists who fully appreciate and com- 
pletely understand Teliability and what it means 
to you. Their service is available to you for . . . 

* problem analysis tlirough design 
development, testing and pro- 
duction techniques of neic elec- 
tro-mechanical controls, switches 
and other compoiieiils for air- 
craft and missiles. 

* certified application data and 
modifications on existing con* 

Irol, switches, and other compo- 
nents or assemblies to meet re- 
quired conditions. 

Regardless of the complexity of your control 
problems, “MCG” will give you dependable re- 
sults that can save you time and money. 


“MCG” is a unique combination of — new 
personnel who have been recently very active in 
the application of components in critical aircraft 
and missile systems — and long-term employees 
with profound basic ability and practical knowl- 
edge of electro-mechanical devices. Both are par- 
ticularly valuable in helping you. 

HERE’S HOW “MCG" WORKS FOR YOU . . . 

“MCG” determines that each — 
design 
material 
fabricated part 
part application 
and complete assembly 

rigidly meets specified environmental and physi- 
cal requirements according to your needs. 

Use this new service on your toughest applica- 
tion problem now. Just a^ for “MCG”, by tele- 
phone, wire or letter. 





How Much 
Torque Capacity 
Can Be Handled 
In An Inch? 


The largest Forrasprag clutch ahotvn 
at left measures less than two inches—' 
weighs about the same as your cigaret 
liphler— yet tlelivers more torque per 
cubic inch than any other available 

Good news for aircraft, missile and 
rocket engineers whose job it is to 
pack more and more power into less 
and less space. For example, here’s 
how two aircraft component manufac- 
turers have taken advantage of Form- 
sprag’s unique clutch design . . . 

A. landing gear manufacturer has em- 
ployed Formsprag clutches to over-run 
the primary hydraulic system so that 
in case of emergency the pilot can actu- 
ate tlie landing gear mechanically. 

An accessory gas lurijinc manufacturer 
uses a Formsprag clutcli as a disengag- 
ing device on a starling mechanism. 

If you would like to know more about 
Itow Formsprag clutclies may be of 
help in solving your design problems, 
wliy not liave a talk with a Formsprag 
engineering consultant? 

SEND FOR LITERATURE . . . 

ask (or new paper en- 
titled “Design Consider- 
ations for High Speed 
Over-Running Clutcbesr 


Over-Running, Indexing and Backstopping Cliaches for aircraft, automotive and various industrial applications. 

IN CANADA: RENOID CHAINS CANADA LIMITED 
IN UNITED KINGDOM: RENOLD CHAINS IIMITEO 


[»J 


23593 HOOVER ROAD, WARREN iDETROiTl, MICHIGAN 



tlie opening of* t]ne new 
Free<a.la,nca.er I^esearcli a-nd. 
Development rja-toora-tory 


devotees. exoliASively to tlie unlimited 
ajD^^lica-tions of ST,A.inO-A.:L.d: 




Modern industry's need for advanced materials is ful- 
filled by scientists at Freedlander Laboratory who .ive 
pioneering countless formulations and unlimited applica- 
tions of new miracle STafoaM. 

Stafoam, a unique type of plastic, offers an unequaled 
combination of properties and characteristics for indus- 
trial design, such as foaming-in-place, adhesion, strength, 
thermal insulation, energy absolution, resistance to chemi- 
cals and solvents, water-impermeability, flame resistance, 
and wide temperature service. 


CR-EATINO NEW ER.OETJOTS 

Our research staff is constantly ci'eating and developing 
new characteristics in existing STafOaM formulas. The 
answer to your problem may be immediately available... or 
may require the creative engineering necessary to achieve 
a specific product. Whatever the nature of your problem .. , 
INQUIRE A'Oir.' Your investigation may uncover an en- 
tirely new dimension in the practical use of foamed plastics. 


Revealing brochures and technical data on new miracle 
STAFOAM will be mailed ^lpon request. 


A DIVISION OF THE DAYTON RUBBER COMPANY 
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ONLY riKM OFFERS 



Available at no extra cost on all 
TWA^iTSTRBAM flights in the U.S. 


Here's the most luxurious service coast to coast . . . and 
onlv TWA offers it! Giant TAVA Siesta Sleeper Seats 
at regular First Class fare aboard the magnificent 
TA\'A Jetstream. You lie far back for sleep . . . with six feet, 
five inches to stretch out in. Or sit up in spacious, 
living-room comfort to enjoy superb Jetstream Ambassador 
sersice. Cocktails and hors d’oeuvres. Wonderful meals 
cooked to your order in jiight . . . freshly brewed coffee, 
imported liqueurs! For reservations, call your 
travel agent or nearest "nVA office today. 


FLY THE FINEST 


FLY TWA 


LORD 

electronic 

mounting 

systems 


Lord designs and manufactures complete, assembled mounting systems in a 
wide range of standard and special designs. These provide excellent 
vibration and shock protection for airborne electronic equipment. 

With recently expanded facilities. Lord offers outstanding service on all 
types of standard bases to meet all pertinent MIL specifications. 

Extensive experience can be applied to the design of specialized systems 
to meet high-performance requirements or to withstand environmental 
extremes such as high temperatures, high frequencies, steady-state 
accelerations and transient shock conditions. 

All materials and designs are selected to satisfy both performance and 
economical considerations. To initiate your mounting system project or obtain 
more information, contact your nearest Lord Field Engineer or the 
Home Office, Erie, Pa. 



FIELD ENGINEERING OFFICES 

ATIANTX. GfORGIA-CEdar 7-92«7 OAVTON, OHIO - BAIdoln 4-M71 

eOSTON, MASS. -HAncocK S-SUS oeTROIT. MICH. -TRInlty 4-2060 

CHICAGO, ILL .MIcnitlK 2-6010 KANSAS CITY, MO. -WEfloort l-OISS 

CLEVELAND, OHIO- SHadyJide 9-317S LOS ANGELES, CAL. -HOIlYWOCd 47M3 
-DALLAS, TEXAS -RIvanIda 1-3392 NEW YORK. N. V. - Cl'cll 7-3326 

PHILADELPHIA. PA. - PEmiypacl>er5-3559 

iORD MANUFACTURING COMPANY • ERIE, PA. 
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ar-ServIca Cgrd 


NAA is at work in the fields of the future 



Dress rehearsal for survival 


Freedom’s defense has reached a 
new frontier— Outer Space. That is 
why we need new weapons— missiles 
...and men in missile-like planes. 

Already America's giant missiles 
hurtle into space— exploring the new 
frontier, guarding its ramparts. 

And hand-in-glove with missiles are 
our new manned weapon systems. 
Tompressing years of pi'ogress into 
months, Amei'ica’s military and civil- 
ian engineers are jointly pushing our 
new defenses to completion. 
.Americans in Outer Space 

Today a few chosen pilots are pi'e- 
paring themselves. Donning the new 
space suits, they sit in altitude cham- 
bers, or whirling centi-ifuges, testing 
man’s reactions to a savage new 
environment. Their plane, the rocket- 
powered X-16. i.s being readied. 

The X-I6’s mission is to take a man 
into space... and to return him to 
deliver his report. The secrets he 
brings back will be shared by the Aii- 
Force, Navy, and National Advi.sory 
Committee for Aeronautics, joint 
sponsors of the project. 

The sinews of space flight 

The X-15 is the outgrowth of new 
technologies developed by North 
American and its divisions— in guided 
missiles and supersonic airci-aft— in 
automatic controls and rocket engines. 
Each is a vital root of the new space 
flight technology. 

NAA's Rocketdyne Division makes 
rocket engines for the Air Force’s 
Atlas and Thor missiles, and for the 
.Army’s Jupiter and Redstone. In fact, 
every major missile successfully 
launched in America in 1957 was 
powered by a Rocketdyne engine. 

The Autonetics Division creates 
automatic control systems for both 
aircraft and missiles. Only yesterday 
these tiny fail-proof "bi-aina” were 
rare technological triumphs. Yet 
today Autonetics makes them in quan- 
tity— with complete reliability. 
Weapons— manned or unmanned 
Like the Armed Services, North 
American believes both manned and 
unmanned weapon systems have their 



Space Age wind tunnel tests scale models it 
of its kind to be built with private funds. 

place. NAA’s Missile Development 
Division, backed by 10 years' pioneer- 
ing missile research, is at work on 
the GAM-77 advanced air-to-ground 
missile for the Air Force B-52. 

At the Los Angeles Division are two 
manned weapon .systems. The IlOA 
will reach any place on earth at 2200 
mph and I'etuni to strike another day. 

The F-108 interceptor's very-long- 
I'tiiige radar iind atomic missiles will 
make it lethal to manned bombers and 
some missiles. It will be a flexible 
weapon, able to strike at trouble 
where it starts, before it spreads. 

From defense, the arts of peace 
North American has not confined its 
efforts to defense alone. During the 
past decade it has made great forward 
strides for the good of all men. The 
Peaceful Atom, for example, is the 
field of NAA's Atomics International 
Division. This division has success- 
fully proved out two nuclear reactors 
to produce electrical power, both 
major advances in the drive to put 
atomic energy to work for mankind. 

Tndny, in Nnrth American and its 
divisions, uou’ll find ns potent a com- 
hinnlion of scientists, engineers, and 
prodiictinn men ns any in American 
industi-y. Becavsc they are constantly 
forging ahead into vital neuj tech- 
nologies, their work holds immense 
promise for science and industry. 


1 a 2, 500-mile hurricane. It’s first 



Solellltc No. 1. A Rocketdyne-built 
rocket engine gave the Army’s 
Jupiter "C” satellite the critical 
first-stage boost toward its orbit. 


NORTH AMERICAN AVIATION, INC. 

SEBVINC THE NATION'S INTEREST FIRST-THROUGH THESE DIVISIONS 

l p J p Col ROCKETDYNE COLUMBUS ATOMICS INTERNATIONAL 
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Special Solar Skills 
for Advanced Systems 



HIGH-TEMP. HONEYCOMB. S o 1 i t e ® - a 
lightweight, heat-resistant brazed steel, high 
alloy sandwich structure developed by Solar— 
has high potential for use in advanced systems. 



EXPANSION JOINTS. Solar produces the 
largest array of expansion joints in the world, 
including complete ducting systems for air- 
craft, missile, nuclear and other applications. 



PROTECTIVE COATINGS. Solar research 
and development in advanced metallurgy has 
produced a family of high-temperature protec- 
tive coatings far ahead In the field. 



HIGH-TEMP. BRAZING. Using hard-to- 
work metals and higli-temperature alloys. Solar 
brazes stronger, lighter systems components in 
specially designed heat-treating furnaces. 


Solar offers proven systems capabilities 


Systemscapnbilitics at Solar embrace 
the design, development and pro- 
duction of airframe, propulsion, 
ground support, guidance and 
control systems. Responsibility for 
Solar’s systems program is centered 
in a team of experts experienced in 
the many sciences related to systems 
technology— from basic design to 
highly-precise experimental, proto- 


type and volume production. And 
underlying Solar’s systems capabili- 
ties is a backlog of more than thirty 
years of proven leadership in high- 
temperature metallurgy, aerody- 
namics, thermodynamics, combus- 
tion researcli and others. 

Complete miimifacturing and test 
facilities are also available for your 
important systems program. For 


detailed information about Solar’s 
systems capabilities, or about any 
of the areas mentioned above, write 
to Dept. F-30, Solar Aircraft Com- 
pany, San Diego 12, California. 



Now.. .a non-floated gyro 
that cuts random drift 90% 

Sperry’s Rotorace* Gyroscope technique 

uses counter-rotating motor-driven gimbal bearings 




The revelation of an entirely new engi- 
neering technique, Sperry Rotoracc, 
now makes possible extremely .accurate, 
low-cost gyroscopes. Reduction of 
random drift rate to only 0,23 degree 
per hour already has been achieved in 
systems using these gyros. And in lab- 


oratory tests, drift rates as low as 0.05 
degree per hour hove been achieved. 

Rotorace attains this unprecedented 
accuracy by means of a relatively simple, 
low-cost method: A small servo motor 
rotates the outer races of two gyro 
gimbal bearings in opposite directions 
. , . then reverses the rotation periodi- 
cally, Result is that friction is cancelled, 
errors due to minute irregularities in 
bearing construction .ire averaged out, 
and pitting and wearing of bearings is 
virtually cUminaied. 

Rotoracc gyros make possible the 
accuracy of the Sperry C-I t Gyrosyn® 
Compasses which arc now used to 
guide airliners where ultra-precise navi- 
gation is required— especially on trans- 
polar and transoceanic Rights. The C-I I 
with Rotorace gyros will also provide 
precise navigation for Douglas DC-8 
and Boeing 707 jetliners. In addition. 


Rotorace gyros provide random drift 
accuracies great enough to enable a 
guided missile to hit a target I50 miles 
away with most probable error under 
50 yards— an accuracy heretofore unob- 
tainable with non-Roated gyroscopes. 

Sperry Rotorace gyros as applied to 
the C-I I, or. if you have a special 
application requiring Rotorace accu- 
racy, write our Aeronautical Equip- 
ment Division. -rju. 

AERONAUTICAL EOUIPMENT DIVISION 

^mosem eomfir 

DIVISION OF SPERFY RAND CORPORATION 













. . . top quality 

gyros and gyro-accelerometers 

now produced in volume 



0 . 


Weatherhead 
BRA[ilp(^ 




WEATHERHEAD 
FITTINGS 

super qem reusable and 

' FIELD ATTACHABLE 


Where detachable hose ends can be used to advan- 
tage. Weatherhead offers Teflon hose assemblies 
equipped with high performance "super gem” fit- 
tings. These fittings can be attached or detached 
in the field with ordinary bench fools. 

‘'Super gem’’design assures three functions: 

1 grips and holds the external wire braid firmly 
2 seals the inner tube without compression, 
thus forming a lip seal 


LEAK-PROOF 

BLOW-OFF-PROOF 

EXTREME 

TEMPERATURE 

CAPABILITY 

. . over the full pressure 
and temperature range 
of applicable 
Military 
Specif I cations 


h Weatherhead Teflon hose assemblies with Braid- 
Lok end finings have been qualified on the basis 
of conformance with all requirements of AF speci- 
fication MIL-H-25579. 

I Permanently attached hose ends grip the outer 
wira braid, locking it firmly between two metal 
surfaces and trapping the Teflon inner liner inde- 
pendently to form a perfect seal. 

> Specifically designed for use in fluid and pneu- 
matic systems on missiles and aircraft. End con- 
figurations available to mate with both flared and 
flareless type connections. 

' Reliable operation at high pressures in extreme 
temperature range C—SS' F. to -(-500° F-). 

I Chemical inertness and resistance to corrosive 
action of practically all aviation fluids within the 
above temperature range. 

’ Vibration and fatigue-resistant . . . flexible at both 
temperature extremes. 

' Light and cxrmpact for fullest design utility. 

' Freedom from line contamination. 

' Non-aging . . . indefinite shelf life assured. 



Principal Clilea 







KETT TECHNICAL CENTER 


. S. INDUSTRIES, INC.^ 


NCOMPARABLE FACILITIES FOR RESEARCH, DEVELOPMENT 
AND MANUFACTURING ... AT YOUR SERVICE 


Here is an unusually well organized service that 
can help your company plan its future products. 
The new Kett Technical Center, U. S. Industries’ 
own research and development subsidiary was 
designed from the ground up Co produce the kind 
of creative engineering you may need for your 
own R & D program. 

The Kett Technical Center’s plant in Pom- 
pano Beach, Florida was deliberately designed 
and located to attract the nation’s top engineering 
talent. Complete facilities are here for designing, 
testing and building prototype models. The data 
processing laboratory is equipp^ with digital 
and analogue computors. In addition, a restricted 


area is maintained for handling all Classified 

Although the plant is new. Kett is no new- 
comer to R^earch and Development. Its achieve- 
ments are already widely recognized in the fields 
of Nuclear, Aeronautical. Electronic and 
Mechanical Engineering. 

In addition to Research and Development, 
Kett, through its affiliation with other U. S. 
Industries, Inc. divisions can arrange to carry out 
any assignment including the complete produc- 
tion of your product. Get in touch with the Kett 
Technical Center by calling, writing or making a 


Achievemeiits in the Aeronautical and Nuclear Fields 


Z6 
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n. 1. integral quality of all Corn-Air products; result of imaginative 
design, ultra-precise manufacturing and super-rigid inspection. 


When the long and costly count-down ends, will It be success, or failure? The answer can rest on the 
reliability of the smallest component part! Com -Air's pledge to you is absolute dependability in acces- 
sories for hydraulic, pneumatic and fuel applications ... in prompt answers to problems of pressure, 
flow, and actuation. Com -Air specialists are expert in research, design, testing, and ultra-precise 
manufacture- Example: The specialized manifolded accumulators shown below replace fuel pump 
and motor in a short range missile application. Saves weight, space and money. You can depend on 
the re-li'a-bil'i-ty of Corn-Air products. 



COM-AIR MANIFOLDED ACCUMULATORS 
Operating pressure : 6000 PSI 
Temperature:— 65* to -)-275'F 
Fluid: MIL- 0-5606 


com*air 

PROBt’CTS 


DESIGNERS AND MANUFACTURERS OF HYDRAULIC. PNEUMATIC, AND FUEL CONTROL EQUIPMENT 








Afore reliable fastening 
for ainraft and missiles 

— proved in application 

At SPS we apply a dynamic standard of 
quality — continually reHned — so that our 
fasteners will always have the high relia- 
bility factor required by today's faster 
speeds, higher temperatures, and greater 
dynamic forces. 

This emphasis on reliability has resulted in development of 
fasteners with increasingly higher strength-to-weight ratios, 
longer fatigue life, and better resistance to the deteriorating 
effects of heat. Notable examples include SPS Hi Ti bolts — the 
first successful titanium aircraft fasteners; EWB-22 bolts— a 
220,000 psi replacement for conventional MS 20004 types; and 
Hi Tm 9 fasteners— a unique bolt and locknut combination 
providing 170,000 psi at Mach 3-4 skin temperatures. 

For complete information on SPS fasteners, write Aircraft/ 
Missiles Division, Standard Pressed Steel Co., Jenkin- 
town 3, Pa. 





TEMnnAnjaE f> 


tNTERNAt WRENCHINO SC 



. . . CEC’s 5-122 Recording Oscillograph 


permanently records 26 channels of data simuhaneously {plus 2 reference traces) on film or paper 


CEC'S 5-122 IS BUILT TO TAKE IT-tosurpass the endurance 
of ordinary instrumentation. Compare this combination of 
environmental operating specifications with any oscillograph 
made: Temperature range from — to -i-250'F at alti- 
tudes to 120.000 feet . . . Will withstand a steady accelera- 
tion of IS G's along any of its three major axes without 
interruption or deterioration of its performance . , . Oper- 
ates in salt-sea and dust-laden atmospheres and in a relative 
humidity up to 100% at -i- I22°F... Explosion-proof certi- 
fication... Built-in vibration isolators provide firm protective 
support and eliminate the need for external shockmounts. 
CRASH-RESISTANT MAGAZINE. The all-important record of 
lest results is always secure in the 3-122's record magazine. 
This crash-resistant unit is engineered to withstand the same 
abuses as the oscillograph plus a shock of 200 G's for 4',-^ 
milliseconds. 

NOTHING SACRIFICED FOR ENVIRONMENTAL SPECIFICA- 
TIONS — Standard features of the 5-122 include a writing 
s[ d of more than 12,000 ips . . , jump-speed selector . , , 
flash timing ... 1 2 record speeds from 0.047 to 96 ips . . . 
automatic record identification . . . and provision for syn- 
chronous operation with an over-all data acquisition system. 
The 5-122 weighs only 80 lbs. fully loaded and is 11“ wide, 
8“ high, 18'/6" long. 



MASTER TIMING UNIT supplies 
timing pulses to the 5-122. Can 
control up to 10 oscillographs 
and may be remotely located. 



CONTROL UNIT contains all con- 
trols for operation of oscillograph. 
Is also ideal for remote operation. 


HIGH-TEMPERATURE GALVANOMETERS - 
, CEC High-Temperature Galvanometers 
If9i Suarantee high sensitivity and accuracy in 
fIK ambient temperatures to 250“F for ex- 
HQ 1 tended periods. Fluid and magnetically 
||yU damped types cover frequencies from 0 
W V to 3000 cps. Write for Bulletin CEC 
1528-X16, 


Consolidated 


0 


Electrodynamics 


300 North Sierra Madre Villa, Pa.suiiena, California 

For complete details, contact your nearest CEC sales 

and seriice office or nrile for Bulletin CEC 15S5-XI0. offices in principal cities THROuaKOUT the world 




AEROJET 

for 

rocket power: 



Am FORCE’S BOMARC 

The liquid-propellarl 
booster powerplonl 
housed in 
BOMARC's fuselage 
is another outstanding 

accomplishment 
fay Aeroief. 
The BOMARC 

rocket booster 
is produced at our 
Liquid Rocket Plont 
neor Sacramento. 
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hangar doors engineered a 


specifications . . . designed (or fast, easy 


operation under any climatic condition, and with Ji/etime weather-tightness. 


No wonder we’ve come to depend on international Service!" 


AVlATfON DiViSiON 


INTERNATIONAL STEEL COMPANY 


1457 Edgar Street • Evansville 7, Indiana 

• Why not make use of International’s experience in aviation hangars 
and doors for the project you may be planning? 



Clrcta Number 33 oe teadar-Se 




Now test your aviation-oil memory: Can 
you give two important reasons why Gulf oils 
are better for your engijie? 

1. In addition to providing efficient, thorough 
lubrication, Gulf aviation oils help keep engines 
clean — and safe! 

2. Gulf-clean engines can go longer between 
overhauls, because there’s less wear and tear 
on engine parts. 

Choose either new Gulfpride Aviation Oil 


Series D, the detergent oil, or Gulf Aircraft 
Engine Oil, the straight mineral oil— both keep 
your engine Gulf-clean and safe. 

The airp>ort is the Greenville, South Carolina 
Municipal Airport, a little over three miles east 
of the city. All rtmways are paved. The longest 
is 5,395 ft. 

When you land here, we know you’ll be 
pleased with the friendly Gulf service and the 
fine Gulf products available. 




iliSisi! 


s 


An unprecedented achievement in minimum size 
and weight-maximum efficiency, dependability and 
service life for ultra-precise controls. 


M a fU of "he oppl'ico^Lr^h^o thi* You will Rnd our 1 958 Enflineerlng Dolo 

new miniature Saginaw b/b ^Screw will Boati^^ CKtremely helpful In planning 


ctq^ftojw 

^^creAJir 


Here's your ANSWER! 


WORLD’S SMALLEST ball/bearing SCREW SOLVES 
CRITICAL MIHIATURE POSITIONING/CONTROL 


BBADI EUe 


SAGINAW STEEI 


UVISIOI 


:ral motors corporatii 







(S]CJaZ] LPQfflSQ 


For greatest reliability in the hot spots 


NEW HR SERIES NEW KE SERIES 

1000°F continuous Moisture-resistant 

IV duty type firewaii type 





...aviations standard transparent plastic 


The PLANE 


Convair's F-102A, USAF 
single'Seat, supersonic, all* 
weather, delta-wing; fighter. 
The F-I02A was the first of 
Convair’s supersonic delta 
wings to become operational. 
It is powered by one Pratt & 
Whitney J-57-P-35 turbojet, 
with afterburner. 


The PROBLEM 

Canopy .seal. A positive seal 
must be maintained between 
canopy and fuselage to hold 
cockpit pressure. The seat 
must stay resilient when 
exposed to extreme tempera- 
tures at flight attitudes; must 
also resist a relatively high 
concentration of ozone. 



■ The PART 

L— SILftSTlC 

Silastic*, the Dow Corning silicone 
rubber, was specified for this seal 
because of its elasticity at —130 F; 
its resistance to ozone, moisture, and 
extreme temperature cycling; and 
its low compression set. Silastic will 
meet your seal requirements, too: 
ask your rubber supplier for further 
information, or write Dept. 096. 





FLEXIBLI CONNECTORS, in 0 variety of si^, cDnstnivtions, materials, are designed to meet many worting eondi- 


BIG space-age problems get 
BIG flexible metal tube answers 

Large-diameter flexible metal connectors in stainless steel and other alloys— to handle expansion 
and contraction, wide range of temperatures, corrosive fluids, high pressures, and vibration. 


Jet engines, modern chemical plants, rockets, atomic energy 
plants have created a new teclinology that calls for new 
products. The American Metal Hose Division of The 
American Brass Company is eonstantlv working witli de- 
sign engineers on special flexiljle connector assemblies to 
meet new problems- 

Eqiiipped to work in stainless steel. Monel, and alumi- 
num as well as in other alloy .steels and copper alloys, tliese 
Anaconda specialists welcome the opportunity to help you 


get the flexible metal hose you need to meet your pi oblems 
of expansion and contraction, movement, vibration, cor- 
rosion, pressures, and temperatures. 

FREE TECHNICAL SERVICE. For engineering assistance on spe- 
cial products— or for a free copy of our General Catalog 
.showing the full line of standard American Flexible Hose 
and Tubing products— write; The .American Metal Hose 
Division, The American Brass Company, Waterbury 20, 
Connecticut. 


AMERICAN 


FLEXIBLE METAL HOSE AND TUBING 


ANACONDA* 

product 


E AMERICAN BRASS COMPANY 


Plfcase send me your free. 60-pagc Gcnotal Catalog contain- 
ing basic Infonnalion on all types of metal liose and tubing, 
fillings, etc. 



COOLING ELECTRONIC 
SYSTEMS FOR MISSILES^ 


NEW FLUIDS FOR THE MISSILE AGE 



advanced 

system of COOLING 

ELECTRONICS 

extends missile performance 


submarines are how you look at them 






.possibly you too can benefit from our defense production experience 



The Navy is only one of our military customers. 
For the Air Force and Army we make or have 
made bombsights and gunsights. missile guidance 
and control equipment, search and surveillance 
systems and other electro-mechanical devices. 
We’d like to tell you more about how we com- 
bine creative engineering and fine precision pro- 
duction to serve industry and the military. Our 
unified team can handle research, development 
or manufacturing— or the entire package. 

Write Dept. AW-6, Mechanical Division of 
General Mills, 1620 Central Ave., Mpls. 13, Minn. 

MECHANICAL DIVISION 



, Mills 





Guiding a missile, or speeding flight and flight environmental 
data back to control and tracking centers, is too much of a job 
for conventional communication systems. Supersonic speeds 
call for lightning fast data communications, coupled with the 
utmost reliability. 

Capitalising on the case of converting messages into digital 
form, Motorola scientists and engineers have developed a num- 
ber of Data Link Communications Systems suitable for piloted 
aircraft, as well as missiles, 

NERVE CENTER FOR DATA LINK SYSTEMS 

With Data Link Systems, messages that have been translated 




QUALITY 

PERFORMANCE 

EXPERIENCE 


in a light weight patkage 



In defense preporedness and spoce conquest programs, Stewart 
Si Stevenson Ground Support Units offer the moximum in 
performance characteristics ond dependability. They are light 
weight, compact, provide greater accessibility, low noise level, 
minimum maintenonce. 

This Stewart & Stevenson All.Weother dS KW, 400 Cycle AC 
Diesel Ground Support Set, with on electric load sensing 
governor, is typical of those being used in our missile ond 
defense programs. 

Stewart & Stevenson brings experience to the ground support 
generator field . . . experience that is practical, tried ond proved 
on both military problems and thousands of commercial appli- 
cations where success depends on doy-in-ond-doy-out operation. 
Stewort & Stevenson provides undivided service responsibility 
and guorantees units to perform as specified. Please write for 
complete informotion and specifications on performance-proved 
Stewart & Stevenson AC Diesel Generator Sets, 


THE WORLD'S LARGEST DISTRIBUTOR OF DIESEL 


ENGINES 



these nuts 
can be replaced 
in 


HERE’S THE S SECOND 


5 seconds/ 






for you; it means a reduction in your 

iPLE TEST YOURSELF 

nut, write today for demonstration plate and 
sy it is to replace a Nutt-Shel TIMESAVER 



METHOD 

BW Cost No more than the nuU you 


Available 




A PRIME WEAPONS SYSTEM CONTRACTOR SAYS: 


venlionol plate nut, Wh 
no w l ep loceable nut li 
seconds for replocemen 


e ond cost savings during f 


CiUt^ 

NUTT-SHEUS 





INTO YOUR PRODUCTION 



When Temco engineered and developed the aft-fuselage and 
vertical stabilizer section of Convair's B-58 Hustler ... the wing 
section and fuselage panels of Temco's own TT-1 jet trainer . . . 
the wings of the air-launched "Teal " missile . . . the aircraft in- 
dustry acknowledged Temco as a leader in development and 
production of honeycomb sandwich and hi-temperature struc- 
tures. Missile applications currently programmed are substan- 
tial recognition of Temco’s stature. 

At Temco metal and plastic sandwich structures have been 
employed in all types of airframe applications, with notable 
development in the field of stronger, higher heat-resistant 
metal bondings ... in improved plastic materials and methods 
of reinforced plastic honeycomb fabrications. 

Other outstanding advances now under development at Temco 
are a new low-cost process for brazing stainless steel honey- 
comb structures, employing a revolutionary new concept . . . 
and experimental progress in the new field of "cermets.” 

Since pioneering the "total package" concept of subcontract- 
ing .. . desigh, tooling and production . . . Temco's engineering 
staff and facilities have increased significantly, a growth as 
rapid and as sound as that of the industry they serve. Today 
these design support capabilities have been extended to en- 
compass complete systems management. Whether your need 
is for o component, o subossembly, or a subsystem, an inspection 
of Temco copabilities wHI prove profitable. 



CmCUMTION PATTEllNS 


Clockwise circulation of ait around High Pressure areas 
and counter-clockwise flow around Lows in the northern 
hemisphere are well known to most pilots. However, 
there are some lesser-known features of Highs and Lows 
which have become apparent with the progress made in 
upper air analysis. 

Warm Highs — Extend to levels above 10.000 ft, with 
temperatures generally warmer than Standard Atmos- 
phere. As this type of High extends farther aloft, it 
often assumes an elliptical shape with major axis lying 
N/S to form a Rffl'gc. Tliis Ridge normally moves very 
slowly, blocking eastw-ard movement of weather systems 


at lower levels, often causing prolonged periods of fair 
or rainy weather in adjacent areas. Weather m warm 
Highs is usually dry, fait and often hazy. 

Cold Lows— Extend to high levels with temperatures 
generally colder than Standard Atmosphere. Their nor- 
mal eastward movement slows until sometimes the cen- 
ter aloft becomes stationary or even retrogrades west- 
ward. This is called a Cold Low because of concentration 
of cold temperatures near the center. V-shaped elonga- 
tion of these Lows toward the south is referred to as a 
Tn//gi and marks region of wind shift and possible 
clear air turbulence. 


FORECAST: Top Flight Performance with 

Mohilgas Aircraft and Mobiljet fuels ! 

For piston engines: Mobilgas Aircraft helps assure availability 
of full power from takeoff to landing. 

For jet engines: Mobiljet fuels available for wide extremes in 
flight temperature conditions. Free flow assured under all con- 
ditions. Excellent thermal stability. 



SOCONV 


COMPANY. : 





minimizes transistor derating 
for thermal conditions . . . 

UAP cold plate U-521330, designed foe Collins 
Radio Company, dissipates heat generated by power 
transistors used in ground and airborne electronic 
circuits. The heat is transfened across a pressure 
thermal contact to cooling air. The cold plate con- 
trols the transistor junction temperature within op- 
erating limits compatible with the installation. 
Therefore, transistor derating is minimized. 

The cooling air, which is forced through the cold 
plate, can be ducted from an air cycle refrigeration 
system; a ram air supply; an air manifold within 

For coinprete informorien coll the ne 


the electronic compartment or a pressurized equip- 
ment package. 

The aluminum cold plates ace bonded by UAP’s 
dip braze method which produces extremely light- 
weight assemblies with maximum heat transfer area 
within the core. Cold plates can be used individually 
or assembled in manifolded banks. 

T~ DESIGN FERrOKMANCE CHARACTERISTICS 




CALIFORNIA not Ch.iMul Si., B.rbonk Colli., VI ».423« 

NEW YORK SO E. 42<ld Si., N»w York IT, N. Y., MU 7-12B3 

OHIO 8elon<l«r Ay... Oayl.n, Ohio, 8A 4-3841 

CANADA...., ,.Onllod Alniall PioducM^ltd., S257 Oo..n^Mary^Roo^d, 

a 4utce /P^9 

UNITED AIRCRAFT PRODUCTS, INC. 

1116 BOLANDER AVENUE, DAYTON, OHIO 



LINDE Sapphire is... 

Hard-.Moh 9 

Transparent, single crystal, pure 
oluminuin oxide 
Nonporous — 0% porosity 
Easily sealed to metals aiid ceram 
Priced competitively with 



uufe 


LINDE Sapphire has . . . 

Strenglh at elevated Iciiiperati 
Fligli melting (loinl — 2040° C. 
Excellent !R transmission 
at high temperatures 
(above 500° C.) 


LINDE Sapphire is 
available as . . . 

Windows 

Domes 

Rods and tulies 
Special shapes — to order 


For more informalioii about Linde Sapphire 
.AU'.63" Linde Co.MpANV, Division of I nioi 
East 42nd Street, New York 17. N. Y. h< 


. . . Write "Crystals Dept, 
n Carliiile Corporation. .30 
Canaila: Linde Company, 
on Carliidc Canada Limilcd 



NEW! 


BENDIX CANISTERED INVERTERS 

Withstand the Effects of Temperature, Vibration 
and Acceleration at Blast-off and Will Function 
Perfectly at Any Altitude, Including Outer Space 


Bendix Canistered Inverters, envi- 
ronment-free and completely 
sealed, are now in production for 
the Atlas and Thor missiles. 
Designed for dependable and dfi- 
cienl operation, Bendix Canistered 
Inverters are completely sealed 
against the effects of altitude and 
can withstand conditions from 
sea level to outer space. 

Cooling techniques employed 
enable these units to provide 
full-rated output throughout the 


flight without external cooling. 
Both voltage and frequency regu- 
lation are accomplished by static, 
magnetic amplifier-type regula- 
tors. Since these regulators have 
no moving parts, output v'oltage 
and frequency are not aifected by 
vibration and shock. The total 
harmonic content of the output 
voltage per phase is less than 5%. 

Bendix Canistered Inverters are 
the product of years of develop- 
ment and experience in manufac- 


turing electrical power equipment 
for aircraft and missiles. They are 
engineered to meet the strenuous 
requirements in performance and 
reliability called for in today’s 
(and tomorrow’s) missiles. For 
more detailed information write 
to RED B.\NK DIVISION OF BF.NDIX 
AVtATION COHPORATIO-N, EATON- 
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Red Bank Division 



OPERATION “AIRWATCH” SPARKEO BY AC 
HELPS KEEP FREEWAYS FREE! 
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TODAY’S GREATEST VALUE J 
IN ELECTRONIC COMPUTERS! 

ROYAU PRECISION LGP-30 

Compare it, feature by feature, with the other computers in its class 


L 


Faature 


Computer 

Computer 

Computer 

LGP-30 


Memory Size 

220 words for 
data only 

2160 words 

1000 or 
2000 words 

84 words for 

4096 vrords for 
data & program 
(e)ther or both) 

LARGEST CAPACITY 
IN ITS CLASS 

Max. Speed 
Add 

Multiply 

20/sec. 

Comparable to 
LGP40 

Comparable to 
LGP-30 

3 'sec. 
1/sec. 

Over 440/sec. 
Over S0/$ac. 

SPEED EQUAL TO MANY 
R0DM-SI2ED COMPUTERS 

Size 

17 sp. ft. 

6.5sr|.ft- 
plus table for 
typewriter. 

45 sq. ft. 

9.2 sq. ft. 
plus table lor 
typewriter & 
control uniL 

11 sq. ft 

COMPACT, DESK-SIZED, 
COMPLETELY MOBILE 

Output 

Keyboard only — 
tape at extra cost. 

Independent tape 
preparation at 

Extra cost peri- 
pheral aqurpment 
required. 

typewriter lor 
numerical Input- 
output only. Inde- 
pendent tape 
preparation at 

Tape typewriter 
for alpha-numeric 
input-output 
standard 
equipment 

DELIVERED COMPLETE. 
NO ADDITIONAL 
EQUIPMENT NEEDED 
TO PREPARE DATA. 
PROGRAM OR REPORTS 

No. of tubes 

16S 

450 

2,000 

248 

m 

FEWER COMPONENTS 
MEAN LESS 
MAINTENANCE, 
FEWER CHECKOUTS 

Voltage 

220 V 

IIOV 

220 V 

nov 

itov 

PLUGS INTO ANY 
REGULAR WALL OUTLET 


2.5 KW 

3,0 KW 

17.7 KW 

1.65 KW 

1.5 KW 

NO SPECIAL WIRING 
OR AIR-CONDITIONING 
REQUIRED 

Ease of pro- 
gramming & 
operation 

Not alpha-numeric, 
No Internal pro- 
gram storage. 

Alpha-numeric at 

instruction. Re- 
quires computer 
specialist. 

Alpha-numeric al 

quires computer 
specialist. 

Not alpha-numeric. 
No internal pro- 
gram storage. 

Alpha-numeric. Complete 
Iniernal program stor- 
age. Standard typewriter 
keyboard. Simplest com- 
mand structure of all. 

EASY 

TO PROGRAM 
AND OPERATE. 

Cost 

Rental 

$38,000 

$ 1000 /mo. 

$49,500 

$1485.'mo. 

$205,900 
$3750rmo. up 

$55,000 

$ll50/nio. 

$49,600 

$] 100 /mo. 

LOWEST COST EVER 
FOR A 
COMPLETE 
GENERAL PURPOSE 
COMPUTER 


Nation-wide sales and service. Trained staff 
of applications analysts. Library of sub- 
routines available, plus programs for wide 
variety of applications. 

For further information and specifications 
on Royal Precision LGP-30, call your nearby 


Royal McBee office, or write Royal McBee 
Corporation, Data Processing Division, Port 
Chester, N. Y. 


ROYAL MCBEE 



AUTO-LITE 3Sa WIRE 
Gives Top Performance from 400° F. to -80° F. 


Since its first flight more than four years ago, the 
Voodoo has held its place as one of the world’s 
most powerful fighters. Mach number and alti- 
tude requirements of the Voodoo make Auto-Lite 
350 Silicone-rubber-insulated wire ideal for the job. 
Fle.xible at —70° F., Auto-Lite 350 Wire also has 
high resistance to flame, abrasion, most missile 


and aircraft chemicals, and lubricants. Where 
extreme temperature demands or chemicals are 
serious problems, consider Auto-Lite 350 Wii-e. 
Many mis.sile and aircraft manufacturers are find- 
ing that Auto-Lite 350 Wire reduces over-ail pro- 
duction costs, too, compared with other types of 
high temperature wire. 


• FlEiible al Iginperalures below -iO°F. 


• No dtoloialioiialinailmuinoiisratlnt cable • Meets Spec. MIL-W-<7)7, U.S.A.F. 


' Smokeless 

Resistant 10 modem aircratl tiydraollc Hu Ids; 
lubrlcanls, and luels 


lemperalures 
' Flame-iesislani 

' £asr prlntinp ot circuits wllli conventioiial 
marklni machines 


Fdr complete information on Aulo-Llte Aircraft Wire, Including specllicalions and samples, write to . . . 
The Electric Auto-Lite Company, Wire and Cable Division, Port Huron. Michigan or Hazleton, Pennsylvania 




AUTOUTE. 3SB 


GENERAL PURPOSE 
H I G H -T E M P E R AT U R E 


AIRCRAFT WIRE 




missile precision 
is our kind of precision 


• Exacting tolerances— tight schedules— they’re all 
in a day's work at I.G.W. Day after day, year after 
year, our experience in the missile and aircraft field 
enables us to put teeth in the word precision— and 
precision into teeth. 


I GW 


INDIANA GEAR WORKS, INC. 
INDIANAPOLIS 7 , INDIANA 




PRECISION is our 


• Everything at I.G.W, is geared to precision. 'Vou'll 
End a "feeling” for precision, not just in inspection and 
production and engineering, but also in maintenance 
and shipping and on throughout the company. It's the 
basic reason why I.G.W. is the recogniaed source for 
precision gears. 



INDIANA GEAR WORKS. INC. 
INDIANAPOLIS 7, INDIANA 





...speaking of 

Missile Ground Support i^OHILITY^ 


WE PROVIDE SINGLE RESPONSIBILITY 

FOR ANY SIZE PROJECT 



Whether it is highly complex missile surface handling equipment, 
like the giant FMC-designed Thor transporter-erector and launching 
base— or small, compact mobile missile equipment, FMC provides com- 
plete capabilities with fully integrated facilities for the entire project. 
Coordinated control of each phase of the job from design concept through 
development, engineering and production, enables FMC to meet con- 
tract delivery requirements— on schedule, 

FMC’s extensive experience gained in the field of mobile equipment 
stems from over 17 years in designing and building more types of 
military-standardized tracked vehicles than any other company in 
America. Applied to missile ground support programs, this ability can 
provide the an.swer to your mobile or fixed equipment requirements, 
with important time and cost-saving economies. 

To assure fully coordinated development and delivery of missile 
ground support equipment, consult with FMC at the initial stage of 
project planning. 
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Meeting the Challenge oi Space 


Exi>loralion oj outer spare poses one of the 
lireatest scientific challeuiies of the next half cen- 
litry. This challenge is ttru-folri. First, it icill 
chnltenfie II.S. exeriilire and adminislratii-e ability, 
an area in ichich recent fallerinits have been critical, 
to organise the national technical effort on a scale 
and icith the speed needed to surpass all interna- 
tional competition. The serstnd aspect of this chal- 
lenge is the opportunity to pry loose a vast neic area 
of cital knotcledge about onr unicerse that can he 
used to benefit mankind. The V.S. already is off 
to a late .start in this effort. W e must fare the harsh 
fact that the Soviets' three Sputniks have shown 
us, plus the rest of the world, that tee fare stiff coin- 
petition based on a sound scientific foundation plus 
the vital ingredients of national enthusiasm and 
level political support. 

Slakes in the race for successful exploration of 
outer spare are. high. First is the international 
prestige in exhibiting top ability to make available 
scientific data that could yield cast cicil benefits — 
■ni/iroiW romniHniraftotM. ireniher forecasting and 
many other as yet iinforseen applications of spare 
knowledge. Second is the prajeclion of the fierce 
technical competition in weapons development in 
the field of aeronautics and missiles into space 
where the key to mastery of this planet for good 
or eril may lie. 

if is far loo carlv to ncciitatclv assess the inilitars' value of 
space. A rational settlement of ar|uniciits now raging over 
llie possible niilitarv value of space operations wmtot be 
reached until far more snimd scientific data is available to 
replace the vast iiunilict of |)iitcK theoretical hyjjotlieses 
now being propounded regarding outer space. 'Ilie most 
urgent need now is the otganizatiou of a sound and truly 
national effort to |3iisb as liard as possible a metliodical ex- 
pkiratiim of sp.ice to vield inaxinniin useful data in iniiii- 
imiui time. 'I here is no question that the U.S. has the 
scientific talent plus engineering and industrial ability to 
take the lead in tliis space exploration effort if given con- 
sistent financial and political support and a sound organisa- 
tional pattern to allow the full scope of the best available 
tahnf ill this field. 

CRITICAL PROBLEMS 

\i)i.ou.si n OBCAStx.M ION AND I'or I EVEL govcriiiucntal siij)- 
I’ort arc now more critical problems than the scientific 
aspects of space exploration. It is interesting to note 
that the Soviets have had a formal space exploration or- 
ganiz.ition existing since IDs?, and support for the vig- 
orous Russian space exiiloration program coincs from tlie 
Soviet Presidium where 60% of the membership of this 
top political group lias a teclinical etlucatum of some kind. 
1 ailv appeals for some sort of U.S. national space program 
Isv tctlinic-al professional groups such as tfie American 
Rocket Society were largelv ignored until the advent of the 
luternatioiial Geophvsical T'c.ir and clexir indications of a 
• triing Soviet space contribution. 'Ibis effort finallv sparked 
organization of the X'lingnard s.itellite project- -\s a matter 
of record, it niiisl also be noted that the U.S. Armv and 
Navy had proposed satellite proerams much earlier than the 
\’aiigiiard, utilizing existing hardware. These proposals never 
surmounted the barriers of technical fimiditv tbcii eiichis- 


iiig top levels of Department of Defense leadership. 

US-Vk' also has had a space research program operating 
in the .\ir Re.searcli and Development Command since the 
early 1950s, ,\ proposal to organize a major space program, 
using Holloman Air Development Center facilities as a 
nucleus, was submitted by US.U'’ nrorc than three vears ago 
and firmly lejcctcd bv top-level Pentagon leadership. 

With the tcchnicafly interesting but organi/ationallv iin- 
smmd \'anguard decision to attempt to separate science 
from militaiy research behind us, there arc now some solid 
uicmitaging signs on the space horizon. President Eisen- 
hower's proposal to organize a national space agency 
under primarv' civilian control hut with close niilitarv 
tic.s and utilizing existing personnel and facilities of the 
National .Advisory Committee for -Aeronautics was a firm 
step in the right direction. It is gratifying to see strong 
congressional support for the basic elements of this proposal, 
although there has been some legi.slative carpentering nec- 
essary to emerge with the best possible position for tiris 
new agency. AA’e have .strongls supported this proposal 
lo establish a trulv national .sp-acc e.xplotation program under 
civilian control and using the nucleus of an aeronautical 
research group that aircadv has an international reputation 
for sound scientific achievement, plus the integrity vital in 
working closely and cffectivclv with all other aspects nf 
luitioiial life that must he included in a truly sound space 
exploration program. 

CONFIDENCE IN NACA 

W'l. ii.wn ri'i.i. coNi'iDEN'Ch that the present to]3 leadership 
of N.AC.A in Dr. Hugh Drydcn and Dr. fames Harold Doo- 
little ha.s the tvpc of dynamic imagination needed to trans- 
form their oigaiiization into an effective tool for the new 
tasks facing it in space. \Vc predict thev will make a 
strong effort to bolster this lcadctslii|i with an influx of 
younger and tcclinically Ixild personnel capable of gen- 
erating the ciitluisiiisni required to spark this effort phi.s 
the ability to chart a sound scientific course. We also 
predict the loader.ship of the new space agency will have 
the cuiirage to finnlv reject circus-stunt-type projects ahncil 
at maxiimnii piihliciK- and iniiiiimim scientific vuluc. 

Major keynote of the new national space policy sounded 
bv ,1 special House committee hc-.idcd by Majority Leader 
John SfcCnrmuck is for freedom of information gained bv 
space exploration. Tliis |)ositivc policy of widespread dis- 
semination of data gained by exploratory effort is a long 
needed rcvcrs.il of the dark secrecy policy generated by 
the .Atomic Energy Commission that has done so much 
to slow the U.S. rate of technical progress. I'hc policy 
of a maximum flow of scientific space data is vital to main- 
tain maxinniin ptogrcs.s .icro.ss the hoard in this field The 
coinulittec members deserve commendation for the thought- 
tuliics.s of lliis a|)proach to the ptohlcin.s of creating ,i 
nation.il spice agency, their earnest efforts to achieve some 
vcmhl.incc of technical liter, icv and understanding of the 
basic issues involved islus the sjjeed and decisiveness with 
which they acted. 'I'hcir performance in this area is hearten- 
ing reassur.ince that the democratic |)roccss can really cope 
V itii nicxlern technical problems when given positive and 
uilighfcncd lc.idtrslii|j. 

Itie major problem facing a new S|3ace agetia will he 
the integtation of all the now-.separatc elements of the mili- 
tary an^ civil research and development .'pcctrmn th.it can 


AVIATION WEEK, Ji 


5, 195B 


U'efullv contribute to national space exploration programs. 
There is no single niilitarv senice. no area of civilian spe- 
cialists, that has a monopoly on cither ability or enthu- 
siasm in the space field. N’.At.A already is devoting a major 
part of its effort to space and related missile research. .At 
the technie.il level. Army’s Redstone Arsenal group is ca- 
pable of continuing signifiwnt contributions to the space 
|irogram. In view of Army’s inetea.sing dependence on 
industry for development of missile weapon systems, it may 
be a good idea to incorporate Redstone’s teclinical nucleus, 
wlio always have been prime space enthusiasts, into the 
new space agency in some manner where their talents can 
continue to flourish. Navy also has sound contributions 
to offer the space program, particularly in human factors 
and communications. ’ITie whole broad spectrum of US.Ah' 
space exploration ca|jabilitv must he utilized, ranging from 
space medicine througli geophysics and rocket povverplant 
developments. 

NEED FOR UNIFICATION 

Here is a good beginning for true unification of mili- 
tary research and development efforts. This is no need for 
three separate .space research programs, each wearing a 
different military uniform and under a different military 
command. If such military requirements develop that make 
a space force necessary, it should be a single unified effort, 
not a carryover of the technically obsolete land, sea and 
air division now confounding efferts to develop a sound 
defense posture for the future. Unification nf military 
a.spects of the space program, however, docs not mean 
elimination of sound competition and varied approaches 
in exploratory research and preliminary development phases. 
This is vital to a sound space research program. Congress 
and the American public should be careful to detect the 
difference between sound competition and a multi-approach 
policy in the research and development stages and the 
necessity for unified applic.ition of data obtained to weapons 
procurement and operation. It is absohitclv essential that 
U. S. industry, universities and research organizations play 
a vital part in the national space program. 

The new space agency cannot do all the ncccssarv work 
in its own laboratories or with its own personnel, ’Their 
main function should he leadership, organization and 
guidance, with the bulk of actual rc.search tool development 
and exploratory research utilizing the best available talent 
wherever it caii be found. 

AA'haf should l)c the scope and priority of the national 
space rcscarcli program? Tliis is a vital question vet unan- 
swered in policy developments to date. Tlicre'is likclv 
to be an area of considerable conflict as the program 
develops. There is still a strong element of technical con- 
servatives allied vvitl! special interest axe grinders who are 
hopeful of puffing the brakes on space research. Tlicit 
reasons range from genuine concern over the relative value 
of space research as compared with other possible develop- 
ment areas to a simple desire to halt the tandwagon until 
they can gracefully climb aboard. 

Congressional debate has indicated that the initial space 
agency programs will cost about a h.ilf billion dollars annu- 
ally. climbing soonest to a billion dollar annual level. This 
estimate is as good as any aow available but will Ixt-.ir 
modifie.ition in the light of initial experience and tlic pace 
of the data liarvest from the early program. AA'c must 
consider as a primary fact in gaging the scope of the space 
research program that we have lost an enormous amount of 
valuable international prestige among our allies, neutrals 


and enemies by our initial finnblings and hv the obvious 
lack of dynamic leadership that has l>cea a hallmark of U. S. 
efforts in technical areas for the last 20 years. Our space' 
research imist He aimed at reg.iining lost ground and estab- 
lishing a clear cut, continuing future superiority. This can 
be dniie by a soundly conceived, vigorouslv executed, con- 
sistently supported program rather than by a frantic crash 
program whereby we vainly try to buy irretrievably Inst 
time with inoncs'. 

WHERE TO BEGIN 

AA'iiere do wt ni;ciN? AA^c already have a sound, if not 
spcctaccilar, start vvitli the A'anguard project and .Arinv’s 
Explorer program. Aircadv vve have harvested data from 
these efforts, filling in with facts areas of prior ignorance or 
.speculation. It is obvious that vve must build the next 
steps on another sound foundation of ballistic missile 
povverplant and guidance development. Lunar probes now- 
being developed hv .Armv .ind US.AF using Jupiter and Tlior 
propulsion for the initial stage for launching offer a good 
example of using existing hardware combinations as explora- 
tory research tools. Tire space research program must be 
a step-by-step, painstaking probe into each unknown area 
to yield data tliat, wlicn put together, will give us a sound 
basis for development of both civil and military applicii- 

Still using ballistic missile dividends, the next step .should 
be experimenting with man-in-spacc to determine liis 
capabilities and limitations. It is iittcrlv futile to debate the 
necessity for a maii-in-space program. Until vve get man 
in space to determine wliat he can do there, we will have 
absolutely no real idea nf future possihilifie.s of s)jacc 0|>cra- 
tions. Beyond these initial explorations aircadv loom more 
sophisticated programs for putting manned space vehicles 
into orbit and using new forms nf propulsion for space 
travel. AA'e can already see in the field of propulsion, nuclear 
rockets and new fomvs of chemical rockets on the horizon 
tliat will make possible many space projects that arc now 
onlv hopeful dreams. 

LESSON TO BE LEARNED 

AA’e wii.r. r.NpEBiENCE many failures along the wav- to space 
exploration. Men will pav with their lives and rqjutatinns 
for these failures, hut that must nut deter us from pressing 
onward toward the goal of ultimate success. As a nation, 
vve have worshipped ton long at the shrine of materia! 
success to understand fully the significance of cxpcritncntal 
scientific failure. But it is a lesson that must be Icanied 
if space and other scientific exploration programs arc to 
proceed without serious public and political harassment. 

’Thanks to the jolt nf the Soviet Sputniks, we arc now- 
facing file realities nf a space exploration program. But 
we cannot hope to be successful in anv area of scientific 
development or in the exploitation of basic new knowledge 
if our efforts are sparked onlv bv external stimulus. AA'c 
must have the imagination to chart our own course and 
the courage to stick to it despite inevitable failures of carlv 
experiments and rising costs as the program develops. .A1I 
this will require vigorous, enlightened leadcrshi]) hv the 
national space agency plus sound, sustained public support. 
The main problem now is to lay a sound scientific founda- 
tion of basic new knowledge on which an active spaa- 
program for the future, both militaa and civil, can he hirilt. 

—Robert llotz 
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Research Reveals New Problems in Space 


By Jnincs A. Fusca 

As man prepares for lire greatest adventure of his short racial history- 
escape from the confines of earth's gravity— questions as to what the environ- 
ment of space is really like arc among the key questions of present-day space 
tcchnolc^y. 

As rockets anti balloons explore the inatcly 60 and 200 mi. Densitx' of ion- 
iippcr atmosphere and satellites, both ization increases eluting dayliglit hours 


large and small, maintain t 

:‘C 

upsetting out 
conventional theories as to the nature 
of space and raising problems far more 
comple.x than any mat they are solving- 
Perbaps three of the most interesting 
considerations to emexee from the pres- 
ent intensive scientific study of the 
space environment arc: 

• Earth-sun relationshi]i 
of tlic relationship bctwi 
pet atmosphere and the s 
incausingly appiarent. A 
\elopcd b\ Dr. Svdnev Cliapinan. who 
headed the committee that organized 
the ICY, holds that the sun possesses 
a tenuous atmosplicre tliat extends 
through interplanefarx' space beyond the 
distance of tlic eartli’s orbit. TTiis solar 
atmosphere consists mainly of ionized 
livdrogen. protons and electrons, witli 
a density at earth’s distance from the 


precarious and decreases at niglit. 

' As the earth rotates the minibcr of 
cliargcd particles at any one point va- 
ries, Under the infiuence of the earth’s 
magnetic field, very large electric cur- 
rents arc generated in tlicsc ionized 
layers that flow around the earth at riglit 
angles to the magnetic lines of force. 

Ihrcc of these currents arc known to 
exist. One circles the equator and two 
others the north and south magnetic 
poles. Magnetic effects observed during 
the so-eallcd magnetic storms arc bc- 
licscd to originate in these rii’Cts of 
current- 

The up|XT atmosphere also is honi- 
barded at all times hi’ particles radiated 
by the sun. During periods of sun 
spot actii'ity, howcier, tliis bombard- 
ment increases to tlic point where much 
greater ionization takes place in tlic 
lower ionization layers or the atmos- 
pliotc witli a consequent large increase 
absorption of radio signals over a 


Importanee 
n is becoming 


II at about 1,000 particles pet cubic wide range of frcquencics. 


centimeter. 

• Magnetohydrodynamic theory, Com- 
bining tlic theories of electromagnetism 
and hydrodynamics, inagnctoliydrody- 
namics (the study of the interaction 
hetttxren magnetic fields and electrically 
conducting fluids and gases) offers what 
may be today's most exciting area of 
study in all of science— offering possible 
solutions to problems extending from 
controlled nuclear fitssion to the origins 
of life. 

• Earth’s magnetic field. For the last 
tlirce liundrcd and fifty years it lias been 
known tli.it tlic earth is a giant magnet. 
Cnnvcntioiiallv tlic earth's external 
magnetic field lias been considered to 
resemble that of a bar magnet or "di- 
pole." Cosmic ray studies anah'/ed at 
New York University suggest that tliis 
concept is erroneous, and tliat magneto- 
hsdtodynamic effects displace (drag be- 
hind) the lines of force as imicli as 
45 deg, to the westward as the earth 

Earth-Sun Relationship 

Earth's atmosphere decreases up- 
wards in density until it merges witli 
the very thin solar atmosphere. X-ray 
and ultraviolet radiations from the sun 
ionize (break into positiic and ncgatiic 
particles) lasers of tlic earth’s atmos- 
phere at altitudes between approxi- 


Onc ti’pe of anomalous propagation 
under study is that of "whistlers’’— lory 
low frequency radio signals generated by- 
lightning strokes that follow the earth’s 
lines of magnetic force from one hemis- 

E hcre to a similar point in the opposite 
emisphere. Existena- of solar wliis- 
tlcrs. generated by electromagnetic 
activity in solar eruptions, has been 
proposed as an explanation of certain 



DISPLACEMENT of the earth's magnet 
lines of force caused by opyiosing field s< 
up ill space as the earth rotates. 


periodic fluctuations in the earth’s mag- 
netic field. 

As the earth-sun relationship is bet- 
ter understood, many of tlie basic prob- 
kins of space fligiit and sjjace com- 
munications will be closer to solution. 

Tlic ionized solar atmosphere is an 
electrically conducting medium. This 
means that the rot-ation of the sun and 
phmctarv bodies such as the earth set 
up electric currents in apace that de- 
\clop magnetic fields or their own. 
These fields interact in turn, develop- 
ing an order of complcxiti- that has 
been described as attc-mpting to de.il 
matbcniaticnllv with six dimensional 

Stanford physicists have .stated that 
devices for generating electromagnetic 
energv have ciiiploica electrons almost 
excliisively. They My that this appears 
to be an artificial restriction upon tire 
potential of electronic devices. Thev 
indicate tliat the use of fully ionized 
plasmas and ionic energy as a means of 
improving the noise lesel and efEcicnev 
of micrownse systems seems very prom- 
ising. 

Understanding of the behavior of 
eleetroiiiagnetic energy in ionized gases 
will be one of the first requirements for 
communications through intcrplaiictarv 
distances. Development of new tech- 
niques for generation of C-xtrcincly high 
powxrr signals and very low noise lesc! 
receivers will be the second requirement. 
Earth's Magnetic Field 

Earth's externa! magnetic field has 
conventionally been considered to re- 
semble that of a bat magnet located 
about 200 mi. from the center of the 
earth and tilted by 11.4 deg. from its 

New York University's Dr. ,\rthiir 
Bciser has developed a different model 
of the external field, howevcv, based on 
nnaivsis of cosmic rav data gathered as 
p;irt of the U, S- ICY program. 

Based upon the fiiet that rotation of 
tlic earth's lines of magnetic force 
through tlie conducting medium of the 
solar atmosphere induces current in it 
in tlie same manner as in a dvnamo, the 
induced currents out to a distance of 10 
earth radii develop a magnetic field of 
their own. creating a magnetic drag lhal 
is believed to be the primary force that 
is slowing the rotation of the earth at a 
rate of 0.0016 seconds per century. 

Tliis drag displaces the earth's lines 
of magnetic force in a vvc.stvv-ard direc- 
tion up to 45 deg. at the equator- Not 
only would such a displacement explain 
the distribution of cosmic rays but also 
anomalies as to the radiation point of 
auroral coronas and other auroral pbe- 
noincna. ■ 
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SPACE piograms proposed by NACA include launching of lightweight inflatable spheres that will be visible to the naked eye. 


NACA Shifting to Space Agency Role 


By Rol>ert Hotz 

Creation of a National Aeronautics and Space Agency to spearhead a 
national program of space exploration and research should cmci^c from the 
congressional crucible before the end of the current session. This represents 
a belated decision on the part of the United States government to formally 
organize a permanent national space effort. It comes just three years after 
the Soviet Union created an organization of scientists with similar goals. 


Cniigrcssioniil bearings on tlie basic 
proposal submitted last April by Presi- 
dent Eisenhouer baie shown general 
agreenrent with the idea of using the 
present National Adnsory Committee 
for Aeronautics as the nucleus of the 
new space agency. However, there has 
also been unanimous agreement by the 
House Select Committee on Astronau- 
tics and Space Exploration that a much 
stronger set of legislation is needed to 
properly establish the new agenev on 
an operationally efficient basis tlian was 
submitted with the President's message. 

Utilizing the 8,000 scientists and 
four great research installations of the 
National Advisory Coininittee for Aero- 
nautics along with its more than 80 
years of dealing with both military and 
cii’il agencies on aviation problems 
should save at least fi\e years' time and 
untold millions of dollars oier any at- 
tempt to create a new space exploration 
agency from scratch. 


Tliere ate, however, seieral funda- 
mental changes that will be required 
in the traditional role of NACA as it 
steps into the full responsibility for the 
space proBram. These include; 

• Reversal of the role of director and 
the 17-man advisory committee, lire 
committee, which now appoints the 
director, will become advisory to him. 
The director will be appointed hv the 
President with Senate confirmation 
and will have full executiie direction 
of the agency. 

• Extension of contract work w Ith uni- 
versities, research foundations and in- 
dustrial groups for basic research and 
development in the satiety of fields 
included in the broad spectrum of space 
technologs'. 

• Expansion of some present N'AC.'\ 
facilities to increase the scope of their 
current svork in space technology. The 
research missile firing facility at Wal- 


lops Island, Va., and the Lewis Flight 
Propulsion Laboratory at Cleseland, 
Ohio, probably will bear the brunt of 
the initial expansion. Because of the 
close proximity of Wallops Island to 
Langley .Aeronautical Laboratory, it is 
likelv that Langlcv will become more 
spacc-oriented to complement the work 
at Wallops Island. 

• Formalization and strcngtiicning of 
the current NACA liaison work with 
the Department of Defense and the 
Atomic Eoergs' Commission. Although 
NACA has been working actively with 
botli agencies on a wide variets' of re- 
search areas and development projects 
it is likely that special liaison groups 
will be created bv legislation to for- 
malize this type of work. 

• Basic change in Congressional rela- 
tions. As p.irt of the mixed independ- 
ent offices appropriations bag. NAC.A 
has received minor attention and some- 
what less than complete understanding 
from tliis sub-committec of the appro- 
priations committees. This annual 
budget exercise has been the agency’s 
only point of contact with Congress. 
Now Select Committees on Astronau- 
tics and Space Exploration arc func- 
tioning in both House and Senate- 
Legislation has been proposed that 
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^volIld estiibiisli a perniiment joint com- 
mittee along tlie lint.s of tlie eoiiiinittec 
banclling Atomic Knergv Commission 
affairs in Congress, but the t\s-o Iloii.ses 
nias' end up with separate permanent 
coniniiftees. 

Ill tackling its ness dual role in aero- 
nautics and .space technologs- the Na- 
tional Aeronaiitics and -Space Agency 
IS getting some ele-at mandatc.s from 
Coiigros on boss it is-, nits the job 
laekled. These include: 

• Positive cis'ilian control of the na- 
tional .spate tese.ircli program. Con- 
gress IS emphatic that both in its initial 
explorators research piuise anri in ulti- 
mate deselopincnt of useful space s chi- 
cles the cisilian interests of the conn- 
try get full considcration. 

• rrecdoin of scientific information 
gathered in the tourse of the N-\S-\ 
program. This is a sharp resersal of 
the 194fi attitude of Ciingrevs in c.stah- 

grani sihen the strictest pe-acetiinc .sc- 
trees- in the histors of this cooiitiv was 
sscitten into the .atomic Knetgs Act. In 
that case the U.S. ssas ahead in the 
field. Congress has stated that in astro- 
nautics, U.S. is clearls- behind. 

• Sustained effort user a long haul 
rather than initiation of "crash pro- 
grams" in an attempt to re-cstahlisii 
our interniitioiial prestige in space tcch- 
nologs'. Congress has indicated that it 
ensrsage.s a SsOO million annual pro- 
gram for the next seseral sears aimed 
at esentuallv reaching SI billion anmi- 
ally and oser-taking the Sosicts in this 
field and maintaining siiperiorits in 
space tecbnologs. T hese figures repre- 
sent onlv the N.\S.4 effort and do not 

so 


include Defense Department programs. 

N.\C.\ ssas picked as the nucleus for 
the ness- space agcncs primarily because 
of its long record of successful research 
and dcsclopnicnt in the related areas s)f 
aeronautics and its existing inan|5ower 
.ind facilities, of svhith about 50% 
arc already dcsoted to space tccli- 
iiologs-. Iliis ssill Ise the third time in 
its -|s-sear histors that it has faced .1 
fundainciilal change in the- character of 
Its operations forced hs- the technical 
trentfs of the times. 

.Mtliougli X.^SA ssill not he able to 
function officialls until a bill is signed 
bs the President, the present le-.ider- 
ship of XACA hiis been ssorking for 
some- time on boss to tackle the bsisic 
problems insolsed in transition to the 

One of the principal problems is get- 
ting and keeping scientific persoimer of 
the reejuired calilK-r in the- ness ate-as of 
N,\S.-\ actisits. It is certain that a dep- 
iits- director will l)c added to the agency 
at a S21.500 salarv. Prosision has been 
made for 10 iit'ss- tojj lesel posts at 

521.000 annuallv anti 250 new jobs at 

519.000 annually. The director of 
N.\S.^ ss ill be paid 522,500. 

Under the director ,incl his depiits, 
ihere probably ssill lx- tsvo assistant di- 
rectors— one for aeronautics, re.sponsiblc 
for earning <mt the presently planned 
NAC.^ program in this are-a. and the 
other for astronaotic-s. ssith respousibil- 
its- for expanding |)reseiit NAC.\ s|)acc 
i.echnologs- programs and organization. 

N'.\S.^ plans to roly heasily on con- 
Iracr operations to expand its c-aixi- 
hilities in required ness- fieltls r.ithcr 
than to attempt major expansion of its 


ossn facilities and .staff. But it docs 
faex- the- problem of dcscloping tu|)- 
lesel staff in these ness- fields capable 
of directing the amtract operations and 
sTganizing adequate programs. It silso 
ssill luise to des e-lop a procurcinent ca- 
pahihts far in exa-ss of its present ca- 
jiaeitv, sshich is confined printarily to 
tese-areh facility asastriietion and imi- 
sersits- contracts of relatiscly loss- dollar 
salue in the basic lescarch area. 

W allops Island probably ssill gel the 
largest immediate facilities expansion 
program. X-\C.\ hns been optTating a 
series of rocket rese-arch schidc test pro- 
gr.niis on tbi.s Virginia harrier beach for 
more than a decade but it is a sety small 
faciiits in comparison to the ness- de- 
mands that ssill be made on NAS.-\. It 
ssill be expanded to handle operation, 
instnimentatimi and data gathering ac- 
tisifies on space probes up to the size 
of the .\tlas and Titan. N.\S-\ plans 
to use e.xistiiig US.-\f facilities at Cape 
Canaseral. f'la, and the Pacific Missile 
ILingc facilities noss- luuler construction 
■It Pt. Mugu and Camp Cooke, Calif. 
W ith a growing requirement for a ssitcl- 
lite launcliing base close to the equator, 
ii is hkcls that NAS.\ svill get the job of 
establishing and operating this facility, 
since its priniarv mission svould lx tor 
research sehicle.s rather than military 
sse-apons. 

I.ewis ITight Propulsion Laboratory 
nosv is doing the bulk of its svork on 
tspes of propulsion aimed at spice .ip 
|)lii-atians and ssill require little change 
to bcconK- an iirtegral part of the- space 
technologs program. Because of the 
proximits to Ihc Wallops Island shoot- 
ing site. X.\S,-\ probably ss-ill hiiiUI the 
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bulk of anv ness- space rescareb facilities 
at Langlev. Va., sshcrc it alre-ady has a 
large areoiiautics research facility. NASA 
has no plans to build new facilities to 
extend its capability into the asioiiics 
field, vi'herc there is noss- a major re- 
quirement for its space research mission. 
It plans to use a contract operation to 
de-s'clop this capabilits similar to the 
.Air force use of the Lincoln Labora- 
tors- at Massachusetts Institute of Tech- 

T he NASA effort to organize a truls 
national space program ssith an acceler- 
ation aimed at surpassing the Sosiet 
effort in fisc to ten years ssill imolse 
use of all of the scattered and unco- 
ordinated space technology facilities 
ROSS- existent in universities, research 
foundations, industry and military sers- 
ict-s. Currently its main problems ssill 
center around the Advanced Research 
Projects Agency, created in the posf- 
Sputnik era last full in an effort to get 
the Defense Department research pro- 
gram out of its tcchnicilly timid atnios- 
phere and coordinate the scaOeted 

sciireh programs. 

Cooperation With ARPA 

N-AC.A and ARPA are ss orking closely 
during the transition period before the 
final structure and scope of NASA is 
legally determined by Congress. A.s a 
matter of expendiency, .ARP.A was gisen 
all of the Defense Department spice 
tecbnologs programs to get them under 
ssas svhile debate over national spice 
polics- details ssas still raging. ARl’A’.v 
pre-sent charter allosss for its existence 
until next febtuars when presuniabis 
some more permanent organization of 
the cis il and military ads-.iiiced rcse.irch 
program.s ss-ill be possible. 

.Among the other organizations 
N.AS.A svill he working ssith are the 
.Army's organizations at Redstone Ar- 
senal, wliieh mas well change its basic 
character and become a space technol- 
ogy rcstarch facility under N.AS.A's 
aegis; the .Air force Research and De- 
seTopntent Command sshich has had a 
broad space tecbnologs program under 
ss-ay for seseral sears; and the Office of 
Nasal Research, which also has been 
aefise in the spice field, pirticularlv in 
hio-sciences. connnunications, up|)cr air 
research and the A'anguard Ssitellite pro- 
gram. 

N.AC.A has been working fomialls- on 
space technology problems since 1952 
when it officially initiated studies "of 
the problems associated w ith unmanned 
and manned flights at altitudes from 50 
miles up and at speeds from Mach 10 
to the sclocity- of escape from the earth’s 
grasity.” Late in 1957 it added a space 
technologs- committee to its w-orking 
groups, encompassing the top men then 
actiscly working in the space field. 

The first project that is likcls- to 


come to fruition under the nesv NASA 
is a project begun six years ago under 
the directive quoted directly. It is the 
X-15 rocket powered research aircraft 
that is scheduled to take the first man 
on brief hut scientific-alls- .significant 
trips through space next year. The X-1 5 
program, like the supersonic research 
aircraft program that preceded it, is 
typical of the w-ay NAC,A works with 
the military, science and industry on 
joint, technically co-ordinated research 
programs to ptcibe the unknosvn areas 
of its fields. Tlic X-15 was jointly 
financed by USAI’, Nasy- and NACA 
w'itli the contract to build the vehicle 
utilizing an experienced e-ontractor— 
North American .Asiiition. Inc. 

This X-15 research vehicle will bo 
flown by company, military and N.ACA 
pilots in a carefully me.slicd program to 
extend the range of piloted schicles 
beyond the bulk of the earth’s atinos- 
|)hero- with an aircraft that still can per- 
form usefully within the atmospheric 

Tlic next project on the space re- 
'.earch list is a scries of lunar exploratory 
probes aimed at pres iding data on the 
earth's moon and its surrounding ter- 
ritory. These lunar probe jirojccts were 
initiated by ARP.A at the direction of 
the President with the stipulation that 
rhey- svoirkl be transferred whencser 
feasible to the ness national space 
agcncs-. ARP.A now- is managing this 
|irogtain through US.Al'”s Ballistic Mis- 
sile Disision for the portion utilizing 
Douglas Thor missiles as the basic 
booster, and tbrougli tire .krinv's Bal- 
listic Missile .Agency at Iluntssillc, Ala., 
for tliat portion using the Jupiter mis- 
sile as its initial stage. 


Behind the lunar probe program, 
,ilso scheduled for initial operation next 
year, comes the man-in-spacc program, 
aimed at initial exploration of man’s 
capability for functioning in various 
ts-pes of artificial emironments and 
vehicles that can take him into .space 
and bring him safely back to earth. 
USAF is carrying the main emphasis 
on this program at the moment but it 
is extremely likely that NASA will take 
oser direction of this effort when it 
emerges from its organizational cocoon. 

Coming along perhaps simultaneously 
with the man-in-spacc program svill be 
the adsaneed satellites capable of per- 
forming Casks more technicalls- sophisti- 
cated than the initial series of data 
gathering satellites sent aloft by the 
United States and the Sosiet Union. 

I'hcse will include reconnaissance, com- 
muiiiiations relay and astronomical ob- 

Esen before the legislation CTcatitig 
N.ASA was drafted NACA had pto- 
grainined its efforts so that by next year 
■ipproximatclv half of its total resources 
w’ouid base been des oted to research in 
space technology including ballistic 
missiles, hypersonic glide schicles, nesv 
methods of propulsion and nesv ma- 
terials. Here is an indication of the 
areas nrapped for exploration in space 
technology and some of the main prob- 
lems w ithin these areas and some of the 
new type of research facilities that has c 
to be des-clopcd with them. 

The main problems in arcodynamics 
and space mechanics are: 

• More fundamental understanding of 
airflow characteristics and high tcm|5cra- 
ture conditions occurring at Inpcrsonic 
speeds encountered during re-entry 



SIMULATOR tests reaction to vertical, pitching accclcratioru at hypersonic speeds. 
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into tilt tiirfh’i jliniisplitrt. inclutling 
liliyvic-.il anti chcinical changes in the 
ail and the effects of these ciumges on 
tilt flow. 

• Basic iKW data on lieat transfer and 
forces applied to ballistic missiles, 
l:vpcrsonic and space \ehicles. 

• Information on stability, control and 
guidance requircnients and inctliods of 
meeting these requirements for flight 
inside and outside the eartli’s atinos- 

• Evolution of missile and space vehicle 
configurations of various kinds com- 
|)atiblc uitli propulsion and structural 
icquircments and capable of performing 
useful niilitiry or scientific missions un- 
der all of the conditions on eiiviron- 
ii'cnt and speed imptned by the re- 
quired flight plans. 

Virtually all types of N.-kCA’s exist- 
ing research facilities are capable of 
Ixiing applied to v-.irious segments of 
these problems, l-'or example, ex en the 
subsonic and transonic w ind tunnels, in 
addition to supersonic tunnels, are used 
on such problems as dvnamic stabilitv 
of missiles and space vehicles, fuaing of 
missile warheads during re-entry into 
the atinusplierci the magnitude uf 
hinge moments on giinbaTed rockets 
used for control during powered fliglit, 
and landing characteristics of hyper- 

NACA now has wind tunnel facili- 
ties providing test conditions up to 
Mach 20 (using helium) and tempera- 
lures in the test section up to H,OOOF. 

To get beyond the inherent limits of 
wind tunnels due to material limita- 
tions, NACA is developing other types 
uf high-temperature apparatus to studv 


the physical and chemical changes in 
the ait at Inpcrsonic speeds. Small ait 
|el.s from electric arcs are prov iding tem- 
peratures up to ls,000K but furtlicr 
technique development is required. 'ITie 
liypcrsonic ballistic range alreadv has 
been developed to adiicve simulated 
conditions at Mach Is and a small 
atnu)S|)heric le-entry simulator is being 
lived in vvhicli the model of a missile 
nose cone or space vehicle configuration 
is shot upstream into the special nozr.le 
of a supersonic wind tunnel. 

.\ larger re-entrv simulator now under 
ciuistruction will provide conditions 
similar to tliose experienced by large, 
long range balli.vtic missiles, satellites 
and space vciiicles. 

Research missile work at Wallops 
Island witli five stage rockets has re- 
'ulted ill test data up to Mach 16 by 
firing the last sevvr.il rocket stages of 
the test vehicle downward. \Votk is 
under vv-av to increase tire speed of 
these simple, multi-stage research 
rockets to satellite and escape vehicle 
velocitv in the near future. 

Propulsion requiremenls for space 
vehicle's are designed to: 

• Provide sufficient velocity to uver- 
eoinc the earth’s gravitational force. 
I 0 do this thrust must exceed gross 
weight bv a sufficient ainoimt so that 
the cnergv consumed in ovcrcoui- 
ing gravitiitiunul force is not an exces- 
sive fraction uf tlic total energy avail- 
able- .\t the same time tlie tlirust- 
weight ratio cumiot be so high that final 
.iceclerations exceed allowable limits of 
the vehicle and its ee|uipnient. 

• Provide sufficient velocity control 
hiitli in magnitude and direction to 


permit a planned flight path in space, 
for this requirement both types of con- 
tiol must be available during the entire 
space mission, whicli may be measured 
in days or months, 'lliis is where ion 
propulsion with its relatively low thrust 
but extxemclv low rate of fuel consiimp- 

• Provide auxiliary [sowet required to 
0|X'ratc auxiliary equipment, subsystems 
or other tvpes of accessories. For this 
purpose the weiglrt per unit of power 
must be cxtrcuielv low and external fuel 
sinircvs are attractive. 

\.\C.\ research to meet problems in 
these areas involves new energy sources, 
either chemical, solar, or nuclear; vari- 
I’us types of working fluids, combustion 
products, lightweight gases, ions, plasma 
and photons: possible heat transfer 
(iuids, cither gaseous or liquid; mechan- 
ical ciev ices to convert energy info thrust 
or power sucli as nuclear or cheiniwl 
rockets, ion, plasma and photon jets; 
methods of controlling the powcrplanl; 
and the materials for powetpliml con- 
struction and how tliey ojx'ratc in the 
varictv of environments to which they 

Most of NAC.-\’s research on struc- 
tures and materials for missiles and 
vpace vehicles must lx based on con- 
sideration of tire load and stress condi- 
tions imposed througli tire wide variety 
of flight exixricnce and utmost mini- 
mizing of weight in any given vehicle. 
-Some of the goals of current NAC.\ 
lesearch in these fields ate; 

• Establishment of the interactions of 
licaf, aetodvnamic force, structural clas- 
ticitv and inertia to avoid destructive 
vibration phenomena. 

• Evaluation of stnietmal configura- 
tions for various temperature ranges and 
composite arrangements that incor- 
porate cooling, insulation, licat .shields. 

• l)>etennination of pro|>ctties and be- 
havior of structures at liigli tempera- 
tures and transient hc-.iting. 

• Evaluation of the heat resistant capa- 
bilities of materials and their applici- 
bilitv In space structures and missiles. 

• Development of new materials with 
im|)roved high teinperature properties 
such as those rcc|uitcd for atmospheric 
rv-entrv at hypersonic specd- 

.\mong tile new researcli tools being 
developed in this area are; tlicniral 
siruciure.v tiinncl that |)ermits study of 
l.iiger structural spcciineus at tempera- 
tures from 700F to 4,0001' and at hy- 
personic speeds; Irot air jet employing 
tenimic heat excliangc.s that operate up 
to 4.000I' arc u.vcd on ballistic missile 
nose cx)ue work- One of these jets 
soon will have a 5,0001' hypersonic air 
stream 12 in. in dia. Other hot jets 
ese rocket fuels to produce tempera- 
tures from 3.500 to 8.000F for studies 
of melting nose cones and ablatiun of 
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ARPA Shapes Military Space Research 



Never in its uncertain history has U. S. military research and develop- 
ment experienced the budgetary upheavals and reversals of policy that have 
uccuned in the past year. 

Now, as the pendulum .swings from 
last year’s curtailment of effort to an 
increasing emphasis on all types of re- 
search and development, the imiquc 
new Advanced Research Projects Agency 
has been given a major responsibility' 
tor shaping policies and overseeing pro- 
grams in spare technology and other 
“upstream” areas. 

In less than tliree months of opera- 
tion, the three top men in ARPA-Di- 
rcctor Roy 3\'. Johnson, Chief Scientist 
flcrbcrt York, and the deputy director. 

Rear Adm. John E, Clark— have taken 
their powerful mandate and apparently 
liavc created a workable situation by 
selling the Congress and the military on 
their philosophies and intentions. 


Refreshing Approach 

Most refreshing guideline laid down 
by ARPA so far is Dt. York's statement 
that "science cannot be tied to a spe- 
cific objective, and if we are to have a 
military science to compete with what 1 
believe is the defined Russian military 
sficnee, wc iiuist be free to go down 
avenues of exploration without having 
a militarv weapon system objective pre- 
deterniined.” 

area’s mission as prescribed bv law 
is to cut across the traditional lines of 
tlio military services and fund and man- 
age advanced research and development 
in the fields of intercontinental missile 
defense, military reconnaissance satcl- 
litc.s. military appliaitions of space tech- 
nology and other advanced research and 
development that may be assignctl. 

Ilic agency has the authoritv to make 
extensive use of the facilities of the 
militarv departments cither by going 
throngli or around the service secre- 
taries, to use other government labo- 
ratories and private industrial and uni- 
versity research groups and to establish 
its own facilities if neccssarv. 

'I'his broad authority gave rise to 
numerous fears in tire Congress, the 
services and industry. These ran from 
eoucern that ARPA would be just an- 
other office to review and slow down 
lesearch and development, to the darker 
prediction that the agency would try to 
centralize militarv research under one 
massive office and cvcntiiallv trv to 
control the thinking of all of the serv- 
ice laboratories. 

However, ARPA’s actual policy as 
outlined to the Congress lias done much 
to allay these fears and has provoked 
favorable comment from many sources. 

The major points of ARPA's policies 
and objectives were explained to the 
Ilou.se Subcommittee on Defense Ap- 


propriations by Roy Johnson as follows: 

ARPA is "ill business to provide 
, . . expedited and forward-looking 
lesearch programs which in the past 
have been retarded by the necessity 
lor a formal military requirement. The 
fact must be recognized and squarely 
faced that if an end requirement, be it 
military or any other, must be estab- 
lished before we embark on research, 
then by definition it is no longer 
rtseatch- 

“It is our purpose to accelerate the 
national technological status by spon- 
soring research witlinut having to prove 
an ultimate specific application Ixforc 
wc embark . . Johnson said. 

^’’This (is) not 

Lboratoties that were recommended 


for assignment to ARPA. Thev seemed 
to be quite obvious because they con- 
cerned themselves so much with outer 
space. W'e visited those laboratories. 
W’e found tliat they weren’t labora- 
tories in the sense that 1 had defined a 
laboratory and in tlie first three weeks 
we definitely came to the conclusion 
that this advice was wrong and that 
ARPA would not establish its own 
laboratories. 

"We saw quicklv," Johnson said, 
"that there was competence in the 
services, verv liigli competence in their 
laboratories. W'e also quickly became 
familiar with the private laboratories 
and the laboratories that are a hundred 
percent supported bv military funds 
. . . W’e felt that we could, by playing 
the field and going to a specific labor- 
atory that had a specific capability, 
have flexibilitv. 

“The thing that 1 am concerned 


CRAB nebula in constellation of Taurus, photographed in red light by 200-in, telescrspc. 
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.ilicmt in !in\ liilK)t,itc)r\ tliiit \vc cniild 
niaiiiigc is that, as tlic character of tlic 
work cliangctl, we would he forced to 
ii'akc work of a kind that might not be 
most ptcxliicthc." 

Services 'Enthusiastic' 

Johnson said the ‘’sets ices so fat have 
liavc cnthnsiasticallv supported this 
concept. 

■'I tliiiik tliat the\ were crmcemcd 
in the ix,'ginniiig tliat we were going to 
'finger' certain laboratories and sas to 
the Secretatv of nefeiisc. 'We w-ant 
ihnse transferred to .\RP.\.' 

"I think thev are no longer suspicions 
of ,\RP.\'s role in this connection, 
'I'hcrc ate those in the sen ices who base 
told me rccentlv tliat thev think .\RPA 
has a real role to perform as a catalvst. 
and ssnthesizer ns well, but actually 
more important to present duplication 

‘Tlicre is duplication that is wastc- 
ftd, 1 think that many times we might 
to follow parallel cmitscs toward an 
ohjcetisc, blit I think that duplication 
ivoiild be completclv wrong.” 

Johnson bdieses that ''.\RP.A can 
cffcctiiels carry out its rcsismisiliilitics 
W'ltli a .small staff of about twenty 
assistants, togctlicr with tlic necessary 
clerical and stenographic support. In 
addition . . . the Iiistitntc of Defense 
,\nalvsis . . . (woiildl provide scientific 
and technical assistaive with about 2^ 
scientists." 

IDA will serve as a contract agency 
for sarious skilled personnel tn assist 
Dr. York- 

'llicsc men probably will stay with 
ARPA from 12 to PS months and their 
retainment through ID.A will make it 
l>ossible to pay them salaries that arc 
more in line with pav in indnstrv than 
most gos'crninent salaries would be. 
Congressmen Impressed 

Johnson's testnnom and that of the 
other .\RP.A leaders drew considerable 
praise from House Defense ,\ppropria- 
tions Subcommittee members, 'nici 
voiced the conviction that as presently 
eonceised, ,\RP.\ would maintain and 
make use of the broad base of independ- 
ent investigation taking place in U. S. 
laboratories, and would expedite the 
iiicorporatinn of new ideas into weapon 

Johnson and York's assurances tliat 
thci- intend to operate witli a small 
staff, avoid directing programs solely 
toward specified military requia-ments. 
and seek competence wherever it can 
Ik found, rattier than creating some 
new facilitv. etc., were welcome news 
to manv critics of pa.st research and de- 
velopment policies. 

Blit .\RP.^ still docs not have a coin- 
]jlctclv free rein. Bv law. all its actions 
requite prior approval from the W'liitc 
[Iniisc. 


\\'hile tesliniony trcforc the appro- 
irriations subeommittet was very de- 
tailed concerning .-UkP.^'s rchition.sliip 
with the services and with other ofjievs 
directly under the Secretary of Ilcfciisc, 
it did not include the degree of agree- 
ment that ARPA had re-ached with the 
President's Scientific Advisory Cmninit- 
tee niidet Dr. Killian or the fiscal an- 
llinrities in the Offia' of the I’lesident. 

ARP.\ w ill, of course, be required to 
Ivillmv tlie established pattern of josti- 
fving its present and projected expendi- 
tures each vear to the White llimst, the 
Budget Bureau and the Congre-ss. 
Relations With NASA 

I lirec existing and proposed giivcrn- 
iiiental groups have funetinns closely 
a'hifed to .\RPA's-thc proposed Na- 
tional .^ernnaiitics .iiiel Space .\gency. 
Congress, the .\ssist.int Secretary of 
l')efensc for Research and Fugincetiiig 
and the Director of Guided Missiles in 
the Department of Defense. 

'I'he grav art-as existing iK'tsseen these 
groups and .^RP.^ and the present agree- 
ments that have been made to asiiid 
overlapping action were explained to 
the House committee by Johnson. 

,\RPA is planning to turn oser the 
•\ir l''orCc and .kriiiv inooii prolxs, the 
Naval Ordnance 'I'est Station’s iiieclian- 
ieal ,sc-aiiiier for moon |)robcs, and the 
remaining .\riiis Isxplorer satellite shots 
to the National Aeronautics and Space 
.\gencv cventiiallv. Sevents-hvo million 
dollars' has been asked to fund this 
prugraiii. .\RP.\ will administer it until 
the new cisilian space agency is well 
iiiidcrssas. 

Johnson said disrussioiis still are 
going on iKtwecii his office and the 
National .\dvison Committee for 
.koronautics to (Ictcriiiim' whether the 
man-in-spacc program and the develop- 
nient of 1- to 2-million pound thrust 
chemical rocket engines should l>e han- 
dled by civil or military agencies. I'inal 
di.spositiiin of anv items nr disagreement 
would be made by tbe k\'bitc floiiso. 
Foote, Holaday Relationships 

•kssistaiit Seeretarv of Defense for Re- 
se-.ircU and I’lngineering Paul l''oote and 
Director of Ciiided NIissiles William 
lloladav arc botli staff advisers to tlic 
Secrefars of Defense, Neil McElroy. 
while ARPA is a line agency of the de- 
partment directed to carry out advanced 
research, h'notc advise.s NIcKIroy on all 
inilitan rese-.ireli. dev elopment and engi- 

Foote’s office and ARPA are to keep 
each ntlicr iiifoTincd of their activities, 
and I'ootc can utilize tire .ARP.k staff 
for technical and adniinistrafise reviews 
to tlic extent necessary. 

The vnne relationship exists between 
.kRP.-k and Holaday. Each is instructed 
to keep the other infonnctl as to break- 
llirouglis and advances. 


lloladav also must furnish vehi- 
cles for .k'RP.A's space exploration proj- 

.kRPA'.s has requested S520 imllion 
for I'i.sca! 1919 and the specific point 
was made that this might not prove 
adequate if any program moves faster 
than anticipated. 

lairgest request is Sli7.4 million for 
ICBM defense, .\hcigt Sfi7 million has 
Ikcii committed for use by the .kriny 
in the Nike 7.ciis missile system. The 
reinainder would be spent on experi- 
mental programs that might improve 
the Nike Zeus or the .Mr Force long 
range radar. 

Johnson also testified that McElroy 
origiiiallv wanted .\RP.\ to handle the 
whole anti-missile program. But Jolin- 
sim said he felt this would put -\RP.\ 
in the hardware business since .krmy 
iilre-.ids hud the Nike '/-cns |Xist the re- 
search point. 

Therefore, about S175 million of the 
anti-missile funding was islaccd under 
die kriny's appropriation.s request to 
cover expenditures that clearly were not 
for rescarcl). 


Fund Request 


.kir l•'orce'.s fund request for its re- 
spoii.sibility of providing long range 
earlv warning radar for the anti-missile 
))rograin was Ss29 milliim. Total of the 
•kRPA, .kir Forte and Army t«|uesls 
was over half a billion dollars for 
ICBM defense. Johnson also indicated 
that the feeling in the Department of 
Defense was that probably about bil- 
lion would be requited to provide noint 
defenses against long range ballistic 
missiles for the largest cities. More 
definite estimates could not lie m.idc, 
he said, until the results from this year's 
lest programs arc available. 

k'ork, discussing re-entry, said the 
rc-entrv problem had Ixen grcallv 
exaggerated. He said it has turned out 
that a dozen or so different design ap- 
proaches could lie used, and that 20 
or 70 different materials would be ade- 
C|iiafe. 

Next largest item on the ARPA pro- 
gtain is S152 million for a military re- 
coimaissance satellite. I'his refers to the 
\k'S-117I. Pied Piper that Air Force 
lias liad imelcr devehipinent for. some 


York said thev would have a 
gross weiclit of I to U tons and would 
Ik launched by an Atlas booster. \ 
number of recimnaissance systems are 
being planned. The systems would 
operate for a month to wveral months 
depending on tlie pera'iitage of the 


avliiad that could he devoted ti 


Ixit- 


Orhitine altitude would depend on 
file useful life of the system. 'I'lio 
shorter the time the teeonuaissauee ap- 
paratus would o|ierate. the closer to tlie 
earth die orbit vvnrdd lie and the ap- 
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paiatus could provide more detailed 

Discussing the maii-in-space projects 
still under study. York said: "I'he 

reason sou liavc to send men there is 
liccausc I do not believe it is possible 
to invent a piece of automatic machin- 
ery that can explore some place in the 
same sense tliat man can, and putting a 
man in orbit is just the fiist step." York 
feels tliat tlic man-iii-space project fits 
into .-kRP.k's responsibility very well. 

"Tlicre is no well-defined require- 
ment for a man in space today . . . 
and the reason that we cannot see these 
icquirements, or spell them out in de- 
tail, I think is not bcctmsc thev do not 
exist, but just because \vc are not smart 


enough ... to see what they are. So 
wc arc proposing and urging a man in 
space program on the grounds that we 
tiiink it is reasonabk to believe that 
there will be a military icquireiiient 
sometime fur a man in space." 

.\RPA also asked for about S15 mil- 
lion to be tcntativelv sclicdulcd for the 
development of a very large liquid 
clicniical rocket engine in about the 
one-to-two million pound thrust class. 
Five iiiilliun dollars was also requested 
for research on smaller, liigli per- 
formance engines which would become 
second stage engines to top the millioii- 
(xiinid powcrplants. 

,\RPA officials who testified Iscfore 
the House subcommittee received un- 
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iisuallv strong praise from the connnit- 
tec members. Dr. York was singled out 
time and again fur tbe clarity of liis 
teciinical explanations. 

Rep, Dan Rood (D.-Pa.) also warned 
the .kRP.k group about the "probable" 
result of tlie favorable rece|)tiiin tliey 
got from tlie coniinittce: "Sonic of the 
telhiws downtown who haven't been so 
well received up here will latcli on to 
this and the word will be around that 
‘Johnson and k’ork and tliese fellovi s are 
liomc free, ^\'e had lietter move in on 
that. Wc can hide behind this.' Tliev 
will, f know them. I'he place is crawl- 
ing with crows down there, bureaucrats 
and military. If they think voii are the 
white-haired boy. look out.” ■ 
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USAF Space Effort Based on Research 


1 lie basis of tlie Air Force's strong position in llic rapidlv dcsclopiiig 
technology of space and the kev to its strength in tlic future is its broad, 
i-aricd program of research and dcvclopnicnt. 


Less than a year ago. all the sen- 
ices were dc-enipliasizing the import- 
ance of researcli for space because if 
«iis an unpopular subject in the Penta- 
gon. Because of expenditure limits, 
US.M' «as in the mid.st of doing what 
its .\s.sistanf Secrefarv for Resc,irch and 
Desclopineiit Richard E. Ilnrncr 
called "ratlier drastic things to our pro- 
gram . . . canceling large mimhers of 
projects tiiat were pending, reforming 
parts (if the sistcni and canceling 

Since last Oct. 4 tlicre has been a 
reversal in policies— political, strategic 
and fiscal— with regard to space tech- 
iiolog). Although maiiv have criticized 
the lack of speed and some lia\ e called 
for e\'cn greater rcfoniis, an integrated 
national space program finallv is being 
fonnulated- 

.\ir Force and its partners in research 
and dci'clopnient— science and industri 
—arc playing a major role. 


But the latest cliaitgcs in attitude 
and the integration of space efforts do 
not account for L'S.AI 's sitally impor- 
rant |iart so much as its previous scars 
of research and development do. 

The top-prioritv ballistic missile pro- 
gram is the outstanding ea.se of liosv 
past and nirrcnt work are providing 
vehicles for tomorrow's tlioroiigh ex- 
ploration of space. 

ICBMs topped by other stages and 
ill some cases boo.sted themselves hv 
far more ]jowcrful engines, can take 
man as far as Mats until more efficient 
fission, fusion or ion engines liavc re- 
placed them. 

The X-15. a product of a l?-year 
US.M'‘-Navy-National .\dvisorv Com- 
mittee fur .\ctonautics research aircraft 
|irogram. will be tlic transition vehicle 
iliat precedes the manned orbiting cap- 
sule and the manned, globe-circling 
rcconiiaissaiice-bombct. 



-Mthough Soviet Russia’s political- 
technical lead in astronautics will not 
be nverconic for some time, the con- 
stant and rapid evolution tliat has been 
the mo.st striking part of US.M 's 
growth will contribute greatly to its 
efforts ill this field. 

l.t. Gen. John K. Gerhart, USAl"s 
Deputv Chief of Staff for Plans and 
Progr.mis. rcaaitlv told a House ,\p- 
propiiatinns subcommittee; 

•'TIk' Air Force ... is not static. 
It is not ininiufablc . . . We are well 
aware of the need to venture, even to 
build nut into the unknown. There ate 
mam exam|ilcs of what rcccptivitv to 
ciiange has won for us. 

"Out missile progress is one such 
example. ,^nd vet, it may be that this 
progress will ultimately realize its 
greatest value a.s a transition to the 
control of space. 

"The .\ir Force's problem lias been 
liistorically one of getting a platform 
above the ground and moving it from 
one place to anotlicr until it reached 
a destination where it could acconi- 
phsli a militarv job . - . 

"When vve talk about space we are 
talking about projecting further these 
same essential fimctions of rccoiiiiais- 
saiiec. offense and defense." 

Earlier thi.s vear. Lt. Gen. Donald L. 
Putt, outgoing Deputy Chief of Staff 
for Development, told Coiietcss vvlut 
.\ir Force liad done, what Russia was 
doing and what the U.S. must do now 
tn vviii "tlie long grim, difficult strug- 
gle” for control of space. 

Most of the new programs or ac- 
celerations of C-visting programs recom- 
mended liv Putt have been put into 
effect since and others will be. 
ARPA-USAF Relations 

llic appearance of the .Advanced Re- 
search Projects .\gency on the scene 
and the creatinn of a civilian national 
space agenev liavc modified .\ir I'orcc’s 
role ill sonic of it.s own projects, but 
its background in these ate-as. the tecli- 
iiic-al competence of the US.\l’'-seiencc- 
iiidustrv team and the fact that US.\F 
liad vitallv important space work al- 
rt-adv midetvv-av have assured it a major 
|iiirt of the national space progt;iiii. 

Coupled vvitli to|i-level coordina- 
tion and what appears to be a new 
determimitiou in .\R1’.\ and in .\ir 
lota' to divorce research from specific 
militarv rec|uiremeiits as much as |ins- 
siblt, US.\F's c-vperience will become 
a kev factor in what Putt called "the 

Rov W. (ohnson, Diicctor'of .\RP.\, 
receiitiv told Congress his guess vs-a.s 
that "liiore than half of ARPA's S520 
million program would actiuilly be 
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executed bv' the U. S. Air Force.” 

.\niong the space programs still di- 
tectlv in the Air Force researcli and 
development budget or being carried 
out by it for .\RP.\ are those listed 
below. Each is discussed in more de- 
tail elsewhere in this issue: 

• Pied Pi|>cr reconnaissance satellite. 
Lhidct studv and initial dcveloiiment 
for 10 years bv Air I'orec, prime con- 
tractor Lockheed .-'lircraft Corp. and 
associated companies, the Advanced 
Reconnaissance System |\\’S-117L) vv-as 
supported at Six millipii in Fiscal 1978. 
USAl' asked for 5217 million tor F'iscal 
1959, but ARPA set SI 82 million as a 
"more proper” figure for the present. 

• Maii-in-spacc. Johnson said this pro- 
gram "would Ik -Ait Force, verv sub- 
stantially." ,\RP,A's chief scientist. 
Dr. flerbert York, said: "We ate pro- 
posing and urging a man in space pro- 
gram on the grounds that vve think it 
is reasonable to believe there will lie a 
military re%|uirement .•omctinic for man 
ill space, c-ven tliougli vve cannot spell 
it out. and it is better to unclertakc 
these things, to liavc a dclihetatc pro- 
gram now. than it is to have ;i crash 
litogram later when the requirements 
can in detail he .spelled out." 

USAF has asked S170 million for a 
I'rogr.un that would put ,i man in orbit 
in 1959. ARPA asked Cmigicss for 
only S46.2 million for man in sp;ice 
for Fiscal 1959, hut left the wav open 
to ;isk for more. 

• Lunar probes. .ARP.A lias ordered -Air 
Researcli and Development Coni- 
inand's Ballistic Missile Division to 
fire three instrmiicntcd probes to the 
vieinitv of the moon. In the ca.se of 
Pied Piper. ARP.A assigned the project 
to USAF and USAF and ARP.A funds 
were merged. In the lunar project, 
,\RPA dealt directly with BMD. It 
did not transfer funds, but authorized 
BMD to cite ARPA funds for direct 
iibligation. and to adniinisfer the con- 
tracts. Direction of this project will 
move to the civilian spiicc agciicv 
eventually, but BMD proliabh would 
continue tn execute it. 

• Dyua-Soar. .Air Force lias retained 
direct control of this familv of manned, 
orbiting, boost-glide spate veliicles |iri- 
niarily because it is based on stated mili- 
tary rcriuiriuicnts. After five vears of 
study, tlie first project in tlie fainih is 
moving into tlic development stage. 

• X-15 rcscaicli aircraft- Still funded 
|iriiiiarily by US.Al". this Nortli .Ameri- 
can rocket plane has become a mudel 
for the kind of service-civilian agenev 
cooperation essential to :i successful 
national space program. 

• Space iiiediciiic. This work remains 
ill the Air Force budget and contributes 
to almost all space efforts. It probablv 
is the oldest space technology effort in 
the .Air Force. 


At the Pentagon level. US.AF's space 
Icdniologv efforts are directed by in- 
coming Deputv Chief of Staff for De- 
velopment M:ij- Gen. Roscoc Wilson 
and his deputv for research and de- 
velopment, Brig. Gen. limner A. 
Boushev. 

AROC's Support Role 

•\t the operating level, the .Ait Re- 
.seareh and DevcTopnicnt Coiiiiiiand 
under Lt. Gen. S. E. .Anderson pro- 
vides the foundation of tcchnulogv 
through its nine centers and four 
allied locations (see map) and through 
more than 5.000 contracts with some 
1,000 companies, iinivetsitics and re- 
ve-areh institutions. 

ARDC has grown from 58,000 in 
1956 to about 43.500 men now, most 
of them engaged in contract niaiiagc- 
ment, evaluation, testing and inspec- 
tion procedures and a limited number 
engaged in in-housc research and de- 
velopment work. 

I he cmmiuind has been plagued pri- 
marily hv two problems; 

• Fluctuating support of research and 
development since AX'otld W'ar II, 

• Increasing demand of day-to-day de- 
velopment and cngineeTing problems, 
at the expense of teul reseurcli and c,iriy 
development work. 

On the first point. .A.ssistant Secrc* 
tury Horner told Congress; 

"In (he last 15 years, this country 
b,is gone through ;it least three full 
cvclcs of support of the militarv pro- 
gram. Immediately after M'orld M'ar II 
we demobilized. Out researcli and de- 
velopment progr.ini went tn practicillv 
nothing. 

"Over the period of the next few 
vears vve became graduallv disen- 
dumted with the Russians and we ac- 
celerated our research and develop 
ment program mitii tlie late I940's. at 
which time vve went through an econ- 
omy era and vve took it apart ag;iin. 

"'I'hc Korean war brouglit on .niotlicr 
acceleration and, as of last Oct. 1, vve 
were gtadiiiillv in tlic process of taking 
our prc^tain apart again. 

'Of all the things we do in the mili- 
tary depirtiiieiits, research and develop- 
ment is the most difficult to run on 
this kind of oscillatory support basis. . . . 
It is almost impossible to imagine the 
havoc created in a research and de- 
velopment program bv trving to rapidlv 
reverse the level of support of the pro- 
gram, 

"We are wasting imllions of dollars 
through canceling ptugtaiiis. starting 
programs, accelerating programs, and 
slowing down programs. 

"This, I am sure, is the major prob- 
lem we have over a period of years in 
reaching iiut objectives in research and 
development in the military .sciences." 

On the question of technical develop 



ATLAS will play major role In space work. 


niciit and research, the part of ARDC’s 
program vvliith includes the fundameii- 
lal work done to increase knowledge, 
incoming .Assistant Deputv Chief of 
Staff for Devchipmcnt .Maj. Gen, R. P. 
Swofford told Congress: 

" I'lie teclinical rlrwelopment and re- 
st.-ardi effort is subst;intially constant 
for (the past few years). While it is es- 
sential tliat stability of funding be iiiain- 
t;:iiied in this fiuirlamcntal area of our 
progr.im. it is eqiiallv important that 
the level at which the stabilization oc- 
curs is liigli enough to assure that vve 
get ahead and stav ahead in tliis period 
of rapidlv advancing technology. 

"I'unds requested (for Fiscal 1939) 
will peiiiiit acliicv'oment of the objec- 
tives cstablislicd by tlic President’s 
budget, hut do not insure optimum 
progress in all-iniportaiit fields of 
fundamental development and rc- 

USAF’s total support of researcli and 
development in the upcoming fiscal 
year, including 51.594 billion from 
aircraft and missile procurcineiit and 
support fiind.s and 5245 million from 
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ARDCS rcqiic'.tctl !x)rti(m of this 
in actual research and dcsclopnienf ai> 
proptiatioii' is S72S million. In addi- 
tion, S17d million in US.M'' money has 
been transferred to ,\R1’A— S64,s mil- 
lion of it from the R&’D budget— and 
some of that nil! come back to US,\1' 
to carts out .\RP,\ projects. 

h'or the purposes of nianagcnicnt, 
ARDC breaks its programs down into 
three areas: 

• Ojxirational svstenrs SI 57,9 million. 

About of this is for ss-ork on 

strategic systems such as .Atlas, Titan 
and ’Ihor, the B-70 bomber, nuclear 
aircraft, etc. Ibis also includes air de- 
fense systems, tactical systems, etc. 

• Field operations and base sii]>]>ort. 
S332,9 million. This covets operation 


of the nine major research, develop- 
ment and te.'t centers and allied loca- 
tions. Increased testing, particularly of 
missiles, has increased fltis cost, but the 
great bulk of test and engineering work 
is supported by production funds. 

• Technical des’clopnient and research. 
S228.2 million. This vital part of the 
program accounts for only about 51% 
of the total research and dc'elopmcnt 
appropriation. 

A breakdown of this portion of the 
program into its three main compon- 
ents shosvs further liow tire research 
part of the spcctnmi at the far end from 
oper.itisnial liaiduarc suffers from the 
tapidits' of technological adsnneement 
and necessity for attention to mote im- 
mediate prolilems: 

• Technical snp|)oit S55 million for rc- 
.scarch vehicles and tlic necessary test 
and instrmnentation dcsolopmciits t<i 
make use of them. Finphasis is on fliglit 
csploration at scry high altiludcs- 

• 'I'cchnical development. Sli’,1 mil- 
lion. lliis covers tasks such as rocket 
propulsion, nuclear svatfare. fighter fire 
control, in '4 areas in sshicli the msiilt- 
ing deselupmeuts can Ire expected to 

• Research, S4().l million. 'I'liese are 
|)t()jccts of a fimdaiuentid nature chiscly 
allied to basic research in the fields of 
|)ro|)ul.sion, materials, electronics, geo- 
)diysics. bioscieiiees and aeromechanics. 

•Mthouglr this basic research e.ilcgory 
has increased S5.7 niillion over last year, 
if amounts to oiilv 1 5.0()% of the re- 
search and de\clo|)inent appropriation 
itself, and less than 1% of the S2.>5fi 
billion requested for R&D from all 
Air Force appropriations. .An estimated 


200 to 300 of the command's 43,300 
complement are engaged in basic re- 

ARDC's Ail Force Office of Scien- 
tific Research in Washington. D.C., 
and its Furopcan Office in Brussels, 
Belgium, support most of the basic rc- 
scatcli effort througli contracts. \Miilc 
AFOSR is the major center for this, 
\\’rightAir Development Center, Rome 
Air Dcsclopnient Center, .Air Force 
Cambridge Research Center and others 
caitv some basic work in-house and on 
contract. 

•A staff of 40 in Brussels monitors 
some ISO contracts in l(i F.uropcan and 
Middle Fastern countries. About 130 
of tlrein ate in basic work. Contract 
IcscI is about S3 million. 

Oflier centers and their basic rc- 
sfarcli, development and test missions: 

• Cambridge Research Center. Geo- 
plivsics and electronics, primarily air- 
borne. 

• Rome ,\ir l7evelopmcnt Center. Elec- 
tronics, primarily ground-based. 

• AA'rigbt Air Development Center. 
Materials, propulsion, secondars' power, 
actodvnamics, human factors, naviga- 
tion. guidance, rcconnaiss.ince. bomb- 
ing, fire coirtrol, etc. 

• Arnold F.ngineeiing Development 
Center. Actods’inimic test and .simu- 
lated altitude propulsion test for US.AF, 
contractors and other services. 

• Ait Proving Ground Center. Systems 
engineering tests and operational evalu- 
.'tion tests and development of non- 
nuclear weapons. 

• Missile Test Centet. Long range mis- 
sile test and evaluation fot USAF, con- 
tractors and other services, and training. 

• Special AA'capons Center. Nuclear 
weapons and their effects and test sup- 
port to Atomic Energy Commission. 

• Missile Development Centet. Short 
range missile test, guidance subsystems 
test, biodvnamics test. 

• Flight Test Center. .Aircraft and 
rocket engine test and evaluation for 
US.AF. contractors, other services. 

W'liilc the command provides a 
strong teclinological base to .support 
US.AF’.s missions, the problems of grow- 
ing from a force made up solely of 
manned aircraft to tlic proper balance 
of aircraft and missiles to the triple mix- 
ture of aircraft, missiles and spacecraft 
in a vers- few veats have imposed tre- 
mendous burdens on the research and 
development program in an extremely 
competitive situation. 

Gen Swofford told Congress: 

"I am no expert on the Soviet Un- 
ion's research and development pro- 
gram. We do sec evidences of what they 
arc able to accomplish. There is cct- 
tainlv nothing that makes us feel very 
good about the rapidity with which we 
are overcoming tlicse basic trends of 
their catching up to us, ot possibly, 
surpassing us." * 
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• SPACE AGENCIES 


Navy Moves to Establish Space Mission 



Navy is moving quietly but effectively 
politically and technologically. 

Politic-.illy, the \avv is making no 
s«ec|)ing attempt to grab ;ill or most 
Ilf space as its private domain. W'hat 
it docs hope to do is convince the De- 
fense Department, White House and 
Congress that it has a logical need to 
gii to space in order to carry out present 
mission assignments. 

Rear Adin, John T. Ilavward. .As.sist- 
ant Chief of Naval Operations for Rc- 
st-.irch and Development, recently told 
the House Select Committee on .Astro- 


) establish itself in .space botli 


'■'lliere ha.s emerged an implication 
in certain areas that the Navv is not 
interested in a spaa' or Sirtellite jiro- 
gniin. This is absolutely untrue. The 
-Navy definitely is interested in, and 
desires active iiarticipatiim in. a na- 
tional satellite and spaa program." 
Man-in -Space Wanted 

I he S|Kice needs alreadv li.stcti pitlv 
iitly by the Navy include rcanmais- 
s;incc, coinimuiications relay and n;ivi- 
gation aids. In ;iddition, Navv is press- 
ing for Defense l'5cpartmcnt permission 
to jilaa a manned weapon into spaa. 

,\ small grouji within Bureau of Aero- 
muitics hits been working fot mote than 
a year on definite plans for ;r inan-in- 
S|jacc project, ,tnd Bu.Aer last month 
iisked the .\dvanccd Research Projects 
,\geiicv for ,ip|)roval of a specific pro- 
(AW May 26. p. 31). .As out- 


thc 
the 

eost of getting the project under wav 
.It 5600,000. Similar, inorc-adr.ma'd 
rojects also ate being studied. 


-\ll the Hu.' 


.in-m-spao 


Scvcml study contracts to beat out 
its findings have been let by Navy, and 
some iilteadv have liccn nnnplcted. In 
its stirdies of manned vehicles, a Bu- 
reau of .\ctonautics .spokesman savs. 
"We've limited ourselves strictly to 
inilitarv applications, with no attempts 
at publicity stunts invulvcd." 

'i’hc vehicle itself would be id! Navv, 
hut an outside servia probably would 
Ih called upon to providr^ the ncassaty 

Live been crmducted with the .Army 
regarding possible use of the Jupiter-C 
iiiterinediate range ballistic missile, 
which will be available for ntlicr tlian 
pure missile uses much snoiie: than 
the solid-prO|X;llant Polaris fleet ballistic 

Regarding the present controversv as 
to w'hether man would be useful in 

chine amid handle the job more effi- 


ciently (AW May 5. p. 26), Navy be- 
Ucve.s there is a vit-.il role to be played 
bv the human crew member. One 
official explains; 

"In an uiim;mncd satellite. Ihc ques- 
tion of processing the data rcaived be- 
comes a inouumcutal task. If man 
could be used to t;ike in 93% of the 
information and the machine only 3%, 
this problem would be reduced con- 
siderably. He also can exercise judg- 
ment in selecting targets. This means, 
if vou'ic going to ask him to delineate 
pioblcnis, you have to give liim a means 
of changing profile, so it will be a dif- 
ferent tyi>c vehicle than the unmanned 
svsteni. .Additionallv. there is the ques- 
tion of security. Man can store the in- 
formation and bring it back to earth 
with him,'' 

I'cclmologically, the Nav v believes it 
lias a wide range of experieaa and 
'know-luiw to offer for spaa programs 
Ilf its own and those of other services, 
it began research and development 

48-ill. tc1esco|ic. 


pro- 


c primarily weapon svsteni; 
eueii envisions use of the sea as me 
vehicle’s home base. Farly svstems 
would be based on the surface of the 
s'.a. but eventually Navv hopes to go 
underwater, with a manned spaa 
weapon system patterned along the 
s.imc general lines as the Polaris sub- 
marine conapt. 

Navv argues that water basing— par- 
ticularly that incorporating mobile un- 
derwater systems that could hide fot 
Itiirg periods beneath the polar ia caps 
— wmtld provide an elusive target and 
all evct-prc.vciit threat. 

In addition, its spokesmen sav. vehi- 
clc.s designed for water landings would 
have the luhantagc over land-lwsed svs- 
tenis of having broad stretches in which 
III hind in the event of a navig.itionai 
ciror on the part of the crewman or 
ground controllers attempting to return 
the CTaft to a prc-dctcnnincd point on 
the earth's snrfaa. 
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studies and experimental developments 
related to spaa’ travel in 1<342. By 3945 
it liiid come up with a firm proposal 
tor a satellite project, .\fter lengthy 
debate, the propos.il was rejected by the 
Committee on Guided Missiles of the 
Research and Dcsolopnicnt Board as 
not having sufficient militan' value. 

Nas’y’s medical programs also pio- 
neered in human raetors research de- 
signed to keep man alive and operative 
in space. Naval Research Laboraton’ 
has gained experience in establishing 
telemetering stations and in uccotding 
and processing -data rcccised from the 
U.S. and So\-iet satellites fired to date. 
Such experience. Na\y feels, will be 
particularly useful in the mote adsanced 
systems to come, when the ground sta- 
tions also will cxerci.se at least some 
control O'er the profile and mission of 
both manned and unmanned vehicles. 

Another area in wliich tlie Naw has 
figured prominently since 1946 is the 
field of nigh altitude research. Balloon 
flights sponsored Ijv the Office of Na\-al 
Research har e carried men and instru- 
ments to altitudes of up to 86,000 fi. 
Ihe progr.mi includes extensive plans 
for sending large telescopes to altitude. 
ONR hopes to eventually place a large 
telescope into orbit. 

Naval Research Labomtorv lias spon- 
sored an upper atiuosplierc rocket re- 
search program over the past several 
years, b^inning witli the Martin Vik- 
ing at tlic end of World \\'.ir II. (.)nc 
Navy-developed rocket, Actojefs Aero- 
hee-lli, reached an altitude of 195 mi., 
and Nan's expericna' in upper atmos- 

E liere research in general was a major 
ictor in its selection as manager of the 
Vanguard earth satellite program. 

Navy spokesmen also point out that 
they can supply to a national program 
strategically placed sliips "properly in- 
strumented and equipped to perform 
sucli essential functions as mobile 


launching, tracking, data collection and 
analvsis, control and recovery.'' Tele- 
metrv sliips would permit the range to 
be aftered or extended to monitor and 
track lehicies placed in various orbits. 

Such sliips may become an integr.il 
part of the Navv-niaiiagcd Pacific Mis- 
sile Range now being instrumented. 
Scheduled to become piirtially opera- 
tional for limited intermediate and in- 
tetcontincnlal firings bv October, the 
range when amiplefcd will cost an esti- 
mated S15S million. Funds fur the 
range in the Fiscal 1959 budget request 
total S54.1 million including S23 mil- 
lion for instrumentation and S4.6 mil- 
lion for test firings. 

Along with telemetry, the Naval Re- 
search Laboratory has worked exten- 
sively in the fields of insttuiiientation 
.ind communications. One NRL spokes- 
man— teferting particularly to the cx- 
perienre gained through the Vanguard 
earth satellite program— say.s; "Anybody 
working in these fields {instrumentation 
and communications) who doesn’t con- 
:u!t ns isn't properlv up on the state of 
Ibo art.” 

M'hetlier the political or technologi- 
cal roadblocks will provide the greater 
obstacle for Navv's plans for a broad- 
liase space program within the near 
future is still largelv unanswerable. 

Drafting of the nation's over-all space 
program beyond the International Geo- 
physical Year, tlie direction it will take 
an^ the roles and missions of tlie vari- 
ous seAices is awaiting final organiza- 
tion of tlie civilian National Acronau- 
lics and Space Agency, and sonic de- 
lineation of its responsibilities as op- 
posed to those of Defense Department's 
Advanced Research Projects Agency. 

Ilowevct, Navy has firm programs on 
hand and is prepared to move rapidlv 
once a go-ahead is received, whether 
it be received from .\RPA or NASA. 

A.s it now stands arganizationally. 


Bureau of Aeronautics will concern it- 
self solely with inan-in-space programs. 
Bureau of Ordnance will most likely 
become the lead bureau for tlie large 
unmanned svstems, particularly tecem- 
naissvince vehicles and systems employ- 
ing the solid-propellant Polaris as part 
of its propulsion system. Office of Nav-.il 
Research, under Chief of Nav.il Re- 
search Rear .\dm. Raw-son Bennett and 
the Naval Researcli Laboratory, will 
provide iiiucli of the scientific backup 
tor all the Navy ptogranis. 

71ie Nav-al Observatorv also is ex- 
pected to |ilay a iiiajor role in both the 
Navy and the over-all national space 
programs, particiilarlv in the fields of 
telemetry and the interpretation and 
clisseniinatiou of data from navigation 
satellites. 

Navy believes that iiimmined ve- 
hicles for recimnaissance, connminica- 
tions relay and navigation can materially 
benefit its mission on the sea. 

Uses for Satellites 
A navigation satellite, for example, 
could provide the conmiandct of a 
Polaris submarine jnforniatiun as to his 
exact location at se-a, a fact he must have 
if he is to fire liis missile at a specified 
target with any hope of accutaev. 
rcconuaissaiiee liitcliitc might provide 
him with target information on one 
Dibit around the earth, data as to how 
si’cassful his firing was on another. 
Communications satellites would be of 
obvious benefit to all the Naw forces. 

If monev and permission are re- 
ceived, Navy might also send iij) satel- 
lites instrumented to study the natinc 
of the sea itself. Results of such a study 
might provide information that would 
prove invaluable in the development of 
improved systems for anti-submariiig 
warfare, an area in which the Navy crit- 
ically needs improved equipment. 

biutli of tlie (net-ill] responsibihtv for 
presenting the Navv’s case and tlieii 
monitoring whatever programs accrue 
will lie with Adiii. Hayward in his role 
as Assistant Chief of Naval Operations 
for Research and Development. 

Adm. Hayw-ard. heading an office that 
is still less tlian a year old, acts as the 

f irincipal adviser to the Chief of Naval 
Jperations in tlie arcus of researcli and 
development, llis functions include ap- 
ptov.ll of operational reqiiirenients pro- 
posed bv the warfare divisions in the 
offia of the Cliicf of -Naval Operations. 
He also reviews the technical develop- 
ment plans that the bureaus propose in 
response to these requirements. 

It will he ilavwatd’s office that vviil 
make the majoi recommendations as to 
which bureau will Inmdic what in the 
Navv's space program. Fssentially, his 
office is divided into two main branches 
-w-eapon (support) system planning and 
program iiianageiiicnt, including opera- 
tional evaluation. ■ 
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Army’s Mission in Space Is Expanding 


Army, which put the first U. S. satellite into orbit, has been authonzed 
by Advanced Research Projects Agency to undertake one, and possibly two, 
lunar probes and also to launch two. and possibly three, earth satellites. I'hc 
satellites will be Explorers or variations thereof and the rockets used will 
be modified Iiipitcr-Cs. 

I'lie Army's proposal to place a man in a capsule atop the Redstone 
missile and send him up to an altitude of 150 mi. is still under consideration 
by the Defense Department. But this experiment is not tied in vvitli the 
Anny's space work, declares Maj. Gcu. John Medaris, Chief of Arniv Ordnance 


Missile Coniinand. Rather, it w-ill be 
concerned with transpoiting men by 
one point on earth to another. 

This "mcn-hy-niissilc " program would 
he mote closely associated with special 
forces operations. 'Hie idea is to get 
a small number of specialists such as a 
medical aid or demolition team to a key- 
point at a specific time "with the as- 
surance that they- won't be clobbered by 
the enemy- on the way in." 

Separation Impossible 

•Actually, it is impossible to separate 
missile or weapons work from space 
projects, Gen. Slcdaris declares. Tech- 
nical problems for both are closelv 
interlocked; there arc inanv fruitful op- 
portunities for ctoss-pollination of 
ideas; v-ariety- makes tlie work of the rc- 
sc-jtchers more challenging. 

•Army has no intention of trving to 
keep space ,ind w-ea|ions projects dis- 
tinct. citlier in its own f.icilities or 
;uiiimg outside contractors. Tlie recent 
placement of the Fetshing contract 
with the Martin Co., contraiy- to some 
s|X'cu]jtion, does not signify any cliangc 
in the .Atniy's arsenal concept nor is it 
part of any plan to give weapons work 
to private industry in order to keep 
.Army scientists free for space work, .savs 
Gen. Medaris. .As an ordnance maii- 
ager. he is interested in maintaining n 
reasonable workload balance between 
industry- and government. .At present, 
the balance in the -Army 's missile work 
runs .ibout 70% to iiidustrv and about 
30% in-house. Tlie average division is 
closer to 82% for industrv to !S% in- 

Right now. the .Army is running 
about 80 static firings a month at Red- 
stone Arsenal. .Most of these are part 
of weapons programs. Space programs 
constitute only a vetv small pera-nfage 
of current work, l-'rom here on in, 
Gen. Medaris expects to sec an iiictciisc 
in both tlie over-all missile work and 
the percentage represented bv space 
projects- 

To better handle its rapidlv expand- 
ing missile work, the Aimv recently le- 
r-tgaiiized its Redstone .Arsenal complex. 
Effective Mar. 31, 1958, flic .Amiv Ord- 
nance Missile Coniinand came into be- 
ing after about 15 months in the gesta- 
tion period. 


part of a separate scries of experiments 
missile— not through space, but from 

flic ereatioii of tliis new command 
isce diart. p. 92) is designed to en- 
able tlie .Army to exploit its missile cap- 
abilities as fast and as fuliv as possible 
by- placing all the resources in tliis area 
under one commander along with the 
lesponsihilitv for all the decision-mak- 
ing requited to bring a missile from an 
idea to a field-proven weapons svstcni. 

I'his new coinmaiid extends from 
California to Cape Canaveral, l-'la. with 
the management headquartered in 
Huntsville, Ala. Commanding general 
of .AOMC, Gen. Medaris. reports di- 
rectly to the Chief of Ordnance on rou- 
tine research and development projects, 
l-'or special priority-weapons or space 
projects, there are direct access lines be- 
tween Medaris on one end and, on the 
other, the Secretary of tlie .Amiv, tlie 
•Army Missile Committee, and the .Ad- 
vanced Research Projects .Agency. 

Under Medaris and his command 
licadquarters staff come Redstone Arse- 
nal, .Army Ballistic Missile .Agency, 
.Atniy- Rocket and Guided Missile 
-Agency, AATiite Sands Proving Ground, 
and Jet Propulsion Labnratorv- 
N on -Ballistic Responsibility 

ARGNt.A. which is the new group, 
has taken over the responsihilitv for 
nc.n.hallistic weapons fornicrlv held by 
Redstone .Arsenal. 'I’licsc weapons in- 
cltide Sergeant. Corporal. Honest )ohn, 
Little |ohii, Nike Ajax. Nike llctculcs, 
Nike Zeus, l.acriisse, land-liascd 'I'alos, 
Dart, Plato and Hawk. .At present, 
ARGMA, which is uiirlcr the command 
of Brig. Gen. John G. Shinkle. has the 
iatgc.vt budget nf all .AOMC vuhgroups. 
In 1959, for example, ARG.M.A will 
.s|xmd approximately SI80 iiiillioii on 
icscatch and devclopiiiciit and perhaps 
another S800 million on production 
and procurement. 

Redstone Arsenal, the physical home 
base of .AOMC, is now- essentially a 
post eonimand. Under the direction of 
Col- Keith T. O’Keefe, it is respons- 
ible for the housekeeping of the 40.000- 
iicrc arsenal rcsenation and for provid- 
ing support to .ARG.M.A, ABMA and 
the Ordnance Guided Missile School. 
Besides OGMS, other tenants mi tlie 


liasc wlio are not part of the .AOMC 
table of orgimizatimi arc Rohm & Haas 
and Thiokol, which do work on solid 
pinpellants for .ARGM.A. Combined 
support for all AOMC groups w ill cost 
about S137 million next year. 

White Sands 

White Sands Proving Ground, com- 
iiianded bv Maj. Gen. \\'. K. I.aidlaw. 
is loftitcd ill south central New- Mc.xico. 
Its niahi mission is providing integrated 
range facilities for flight testing of mis- 
siles under development by all tliree 
Mtvices. In .iddition. it conducts lab- 
oratory tests of .Army- missile conipo- 
nents and carries out independent engi- 
neered testing of complete .Aniiy inis- 
vile svstems before thev arc released for 
field use. .AOMC estimates WTitc 
S..nds will spend S70 million next year- 

jet Ptopulsion laboratory, located 
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nciir Pasadena. Calif., is a gosemmcnt- 
OHTicd, research and dcselopmcnt facii* 
ity. operated for tlic Army hy California 
Institute of Technolog\-. Director of 
the lahorators' is Dr. \\’i]tiain II. Picker- 
ing. 

JPL is responsible for originating, de- 
seloping and testing new guided mis- 
siles; doing basic rescateh in the physi- 
cal sciences in support of weapon sys- 
tem dcs’ciopmcnt and making feasibility 
and evaluation studies of special pro- 
grams of national interest. Next year 
JPL will spend S25 million carrying out 
its missions. It will make use of test 
facilities at Fdwards .\I'’B. Patrick .Al'B 
and White Sjinds, in addition to its 
own neat Pasadena which include two 
supersonic wind tunnels and a new hy- 
personic tunnel now nearing comple- 
tion. 

Importance Grows 

.\mong otlier tilings, the laboratory 
was responsible for the development of 
the Corporal, the scaled-down Sergeant 
engines used in tlie Jupiter C, and for 
the design of the ICxplorer. Currently, 
it is charged will) the development of 
tlie Sergeant missile and is involved in 
the continuation of the Explorer pro- 
gram and in other .\rmv' space projects. 
JPL has a lihrarv containing 150,000 
volumes on jet propulsion and related 
missile subjects, it is believed to be the 
most complete collection in the field. 

The Army Ballistic Missile .\gency 
vv-ds created on Pebtuary 1. 1956 to ex- 

E cditc the development of the Army's 
allistic missiles— a project that was lie- 
coming big and important enough to 
separate from the rest of the missiles— 
which were under the jurisdiction of 
Redstone Arsenal, It was built around 
the original Redstone development 
team, which consisted of Wcrnlier von 
Braun and some of his fellow German 
scientists who developed the V-2 at 
Pccnemuiidc. and was assigned re- 
sponsibility for both the Redstone and 
Jupiter missiles. 

ABMA still liolds the responsibility 
for these weapons, as well as for all 


space systems based on these missiles, 
such as the Jupiter C. 

In addition, the Army has placed the 
development of the nw Persliing bal- 
listic missile under the aegis of this 

ABMA Spending 

Brig. Gen. John Barclav, wlio liad 
been Depntv Commander of 
under Niedatis, became commander 
when Medatis moved up to AOMC. 
Hie Air P'orcc, vvhicli will operate the 
Jupiter, has a liaison office attached to 
the agency and its S6-tth Jupiter Mis- 
sile Squadron in training there. Dr. 
von Braun directs the Development 
Operations Division vvhicli consists of 
10 laboratories and constitutes the larg- 
est segment of ABM.\, Of the more 
tlian S650 million .\BM.\ is scheduled 
to spend next year, over S95 million 
will go into rcscarcli and development; 
the rest, into production and procure- 

In all. tlie rccentlv created .\rmy 
Ordnance Missile Coniinand, under the 
direction of Genera! Medaris. will 
spend over S2 billion during I'iscal 
1959. 

It has the responsibilitv for 15 
major weapon systems and a still un- 
determined number of space projects. 
It employs 25,000 people (including 

3.000 military personnel) and directly 
influences the activities of another 

9.000 military men; occupies over 25 
million aacs and operates facilities 
worth close to S500 million, not includ- 
ing construction underway and future 
construction planned. 

Experienced Group 

■'We li.ivc the onlv rocket group in 
the country here tliat has 20 years cx- 
periena- as a team. .\nd we’ve had to 
pav for only 10 years; Germany paid 
the test.” 

The colonel vvlio made this statement 
was tefctriiig. of course, to .VBM.^'s 
Development Operations Division staff 
under von Braun. 

It is this group that will carry the 


biggest share of the Army’s space and 
satellite program. According to 
Medatis, his first orders from the Ad- 
vanced Projects Research Agency as- 
sured liim that the talents and abilities 
nf ,\BMA will be well utilized in the 
space program. Jet Propulsion Labora- 
tory will continue to work on space 
projects and, with ,\BMA, will make up 
AOMC's space team. Both groups, of 
course, will continue their work on 
vvc-.ipoii svstems as well. 

.MtJiough some details still have to 
be worked out and others ate subject to 
cliaiige. the development of future 
Array space projects wall probably pro- 
gress as follows; 

I'irst comes the idea. This may orig- 
inate anywliere. but more than likely’ 
will come from one of the researchers 
witliin JPL or ABMA’s Development 
Operations Division. From the orig- 
inator. the idea will go to other re- 
searchers who will build up on the basic 
concept, answering questions such as; 
What will it look like? What will it 
cost? \\'hcn can it be ready? MTiat 
will it accomplish? 

i'he concept will then proceed to 
,\OMC Headquarters staff. Here, the 
rcscarcli and development group vvill go 
over the project and pass it on to Gen- 
eral Medaris. -\t this point. Medaris 
may consult with bis chief scientist, Dr. 
Gilford G. Quarles. 

Special Proposals 

If the proposal in question is a satel- 
lite or some otlier device considered of 
special significance. Medaris will for- 
ward it directly to ARP.\. with copies 
going to bypassed groups in the table of 
orgiinization. Otherwise, the project 
vvill proceed to the Chief of Ordnance 
who will decide what effects it will have 
on other development programs, both 
sijaee and weapons. 

L'tom Chief of Ordnance, moject 
passes to Chief of Research and Devel- 
opment whose office is actually part of 
Secretan' of Army's staff. R&D. whicli 
is generally notifi^ at the beginning of 
a project, recommends it to the Chief 
of Staff and the Defense Department 
as Iniving official .-Vriny approval, and 
the proposal moves on to ARP.A. 

If it approves the project, ARP.\ au- 
thorizes .\OMC to start work and pro- 
vides the necessary funds. Periodic 
progress rc|iorts by AOMC keep ARPA 
informed on tlic development of the 
program. 

In the event the program originates 
with .-VRI’A. it is submitted to the 
Army. Naw and .^i^ L'orce for bids. In 
the case of the .Army, it would go di- 
rectly to Medaris. Medatis would call 
in .\BM.A and JPL and ask them to pre- 
[xire a detailed bid giving costs, sched- 
ules, etc., vvhicli he would tlicn submit 
to -ARP.A for approval and authoriza- 
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Industry Faces Stiff Space Age Rivalry 


Tougher competition for more dollars providing fewer end items appar- 
ently will be industrv's pattern for the future. 

As Defense Departnient and the state of the art push further into space, 
there will be fewer prime production contracts, each representing a large 
dollar volume, plus an increased demand for basic research and development. 




^s requiring diverse talents and eapi- 


biiities is expected to pusli tlie larger 
firm.s gradiialK into a number of loose 
associations formed to hid on specific 
|iiojccts and disbanded when the pro- 
grams are completed or the contr.icts 
arc lost to another gtovi|) of contractors. 
Within the association, each company 
would carry jiart of the load of a p;ir- 
ticiilar contract and mie firiii would act 
a.v the over-all tmmaget. 

Dyna-Soar Is Example 

Tlie trend already has begun w ith the 
ti-.mi proposals for development of the 
Dyiia-Soar hypersonic glider project. 

Technological capabilitv, fuiuls and 
f.icilitics nccc.vsary for the developmcnf 
of end itcinv related to spice, and the 
prohability that the companv associa- 
lions will be ea|>ablc of perfornring 
most of the ;issociated work with a mini- 
mum of subcontracts, mav cripple some 
of the smaller firms now engaged in 
production. Others with particular skilK 
needed hy larger firms may he absorbed 
or merged. Still others vvill evolve into 
essentially research and development 

Some industry spokesmen believe 
that the move toward loose associations 
of contractors could provide more 
security for the liniis involved than tliev 
have now. One company, thev .sav, 
might be involved in several associa- 
tions, working on a mimber of prime 
contracts. Cancellation of one large 
contract vvoiilel affect a number of com- 
pmies. but in a rcl.itivcly small wav, 
rather than "driving one pirticular firm 
to the wall'' as c;m hap|xm mider the 
present system. 

Just how great a change tlie space 
era will bring to the over-all structure of 
mdu.stry will not be resolved until the 
Defeii.sc Department and Congress de- 
termine how fast, and in what direc- 
tions. the U.S. effort will be puslied. 

Both industn and niilitarv officials 
generally agree, liowevcr, that there will 
be no overnight transformation. Shift 
in the defense dollar from conventional 
systems to space vehicles and the con- 
sequent changes within industry will be 
giadiial, generally follovvine tlic pattern 
fstabli,shcd wheii the ballistic missile 
aj'|)earcd as a coiiiplemcnt to manned 

One change predicted by Malcolm A, 
Maciiitvrc, Under Secretary of the Air 
I'orec. :md Diidlev Sharp. .Assistant 


US.AF Secretary, for Materiel, will He 
Ihc emergence of avionic and power- 
plant niamifacturer.s as beads of weapon 
system contracting teams. MacIntyre 
adds; 

"This is not a prediction; it is sim- 
ply a recognition of the fact tliat evoUi- 
tionary processes are at work in indus- 
try as well as in niilitarv tcclinologv.'' 

In a speccli at a reeeiit meeting of 
;lie Society of Automotive Engineers in 
N'ew York in which he outlined what 
the .Air l''orce ex|)eets from industry. 
MacIntyre also warned that indiistrv re- 
scarcli and development programs will 
he expectctl to provide "giant-step ;id- 
v.inccs in performance. W’itli first 
article weapons costing imiltimillions 
per copy, we have no room for pro- 
grams whicli promise hut sliglit im- 

liidustry, he said, most develop new 
production, tccliiiique's to increa.se the 

NEBULOSITY in Moaoccros as photograph 


cfficicncv and acenmev of production 
;'iid ' critically'' take inventory of its 
facilities in order to phase out tools, 
high bav areas and warehouses in excess 
of present or planned production. 

"Lower production quota.s,” he said, 
'will directly affect the overhead 
we must load onto unit costs. Tlicre- 
forc. it is an urgent necessity that we 
take eserv effort to hold overhead to a 
minimum. Excess overhead could well 
mean cutting the quantities to lie pro- 
duced.'' MacIntyre added: 

".At tlic iiiaiiagenient level, coip- 
ixmies should evaluate their financial 
management and financial controls so 
that they mav have better expenditure 

"... In the area of petsoimel. man- 
ageineiit must make full use of its labor 
force, and particiilarlv the utmost use of 
llic technical skills of its engineering 
iK-ople." 

Tight Fiseol Policies 

'I'lie govcniment also can be ex|)ccted 
to continue the policy, which it began 
to push serionslv during the financial 
crisis of early Et'seal 195S, of insisting 
that industry provide more and more 

cd in red light by 201).in. telescope. 
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VIEWS o( planet Marj. taten in ted liglit, sliow rotation. 


of Us own funds to support basic re- 
search prognmis and the nc»' types of 
facilities needed for tlie de^clopment 
and production of adtanced weapon 
systems. 

Stringent Defen.se Department ex- 
penditure targets, forcing stretcliouts in 
progress payments, slippages in delis- 
erv scliedules and rc<]uests for deferred 
billings (AW April 21. p. 26) also are 
expected to remain in the picture for 

Burdens that the present hscal pol- 
icies impose on industry, slowing the 
development of advanced systems, were 
outlined by Ernest 1‘. Leathern, assist- 
ant to the president, Raytheon Manu- 
facturing Co., at an industry-Navy re- 
scarcli and development conference. 
Low Rate of Return 

The policies as outlined by Leathern 
produce results almost directly counter 
to those MacIntyre says the Air force 
expects. Commenting upon the rela- 
tively low rate of return paid by the 
Defense Department for research and 
development work. Leathern said: 

"Another serious question is how gov- 
ernment can expect industry, at such 
low rates of return, to Bnance and ex- 
pand its research and developnvcnt fa- 
cilities or even to keep them modern. 

"Certainly in times of tight money 
and higlier interest costs, lenders will 
prefer loans to businesses earning at, or 
better tlian, the national average, not 
ones at less than half of this amount. 
Tlie same is equally true of investors in 
equity stocks. 

"Depreciation allowances, even as re- 
centlv liberalized, onlv allow recoverv’ of 
initial cost— not replacement value of 
today’s market. Obsolescence takes a 
greater and greater toll as the pace of 
technological advances accelerates. 

“Therefore, moneys accumulated 
through such reserves ate not sufBcient 
to meet their purpose, putting a still 
further drain upon profits and creating 
a still larger icquireinciit for working 

“The only way industry engaged in 
government work— and especially in re- 
search and development proiects— can 
meet these conditions is to find a way to 
earn higher rates of profit on such work. 


The onlv alternative is more govern- 
ment subsidization, vvhiclv would ap- 
pear to be bntli cmitrarv- to out basic 
concepts of private enterprise and im- 
possible under the present shortage of 
government funds." 

Bankers' Views 

Leathern’s remarks ate underscored by 
a report on tlie aviation industry com- 
piled by the .Aviation Securities Com- 
mittee of the Investment Bankets As- 
sociation of America. The report said, 

'•^\’hile free competition in the in- 
vestment market lias reduced aircraft 
manufacturers to a low priority for new 
capital investment, the need for sucli 
investment in terms of national sur- 
vival may be greater than at any time 

. . Tlie aircraft manufacturers' 
problem is in large measure a financial 
problem. Hie solution lies in a con- 
gressional appropriation poliev' and a 
Defense Department procurement pol- 
icy that will afford tlie aircraft manu- 
facturers adequate stability, allowing 
them to successfully compete in the 
free capital markets for additional in- 
vestment in tlieir Itigli-risk industry. 
In this sense, adequacy musi be de- 
termined— not bv an arbitrary formula 
or by admiiiistrative decree — but by a 
grovvtii and stabilitv' factor that will 
attract the required capital to ensure 
-American aviation superiority.” 

Wlictlicr or not the financial spigots 
are opened— and this can only be done 
through tire politically explosive ex- 
pedient of raising the national debt 
ceiling-tlie Defense Department, and 
•Air I’’orce in particular, arc approaching 
space on two broad fronts, unmanned 
satellites and manned vehicles. 

Space System Approaches 

In the move toward space, Secretary 
MacIntvTC says a "considerable amount 
of research and development effort will 
be directed toward the solution of many 
system problems. 

"Among these arc such areas of in- 
terest as flight control and guidance svs- 
tems and extremely long-range com- 
munications. Much effort must be de- 
voted to developing vastly improved 


propulsion systems. . . . And of course 
materials engineers and scientists will 
be engaged in developing alloys, ceram- 
ics and cennets for space vehicles. . . . 

"A greater proportion of Out hardware 
dollars will be used to buy specialized 
items in quantities of two to five copies 
per type, 'lliis, in turn, will further re- 
duce our need for mass production 
facilities and for quantity output tool- 
ing. Tlie ratio of engineering manhours 
to labor nian-boucs will alter considcc- 
ablv, in favor of the former." 

Iiidustrv. in turn— and. again, witli 
tlie direction in wliich the nation will 
launch its major effort still in doubt- 
lias flooded Defense Department and in- 
dividual services with proposals for 
manned and unmanned space flights 
and plans for various lunar probes and 
orbits, 

Air I'orce and Atmv already have 
been given the go-ahead on lunar probe 
programs, and US.AI' is developing an 
unmanned reconnaissance satellite with 
Lockheed Aircraft Corp. as prime con- 
tractor. Other industry proposals that 
have been presented include: 

• Dyua-Soar hypersonic glider project. 

• Plan to add a Navaho booster to 
North American’s X-15 high-altitude 
research aircraft in order to obtain a 
minimum orbit within a minimum time 

• Acromitroiiic Systems Inc.’s plan for 
a Phase II followup of Project Fatside 
tliat would place a rocket in the vicinity 
of the moon at an estimated cost of S? 
million. 

• Aerobec M, a moon orbit proposal by 
Aerojet-General Corn., a five-stage solid 
propellant vehicle based on Aerojet’s 
Senior rockets vvliich were developed in 
connection with Navy's Polaris fleet 
ballistic missile program. 

• Coiivait pro[x>saI for a foui-iiian space 
station, which the company says could 
be put into a 400-mi. orbit within five 
years at a cost of approximatelv S500 
million. Designed by Krafft £hricke, 
technical director of Conv air's .Astronau- 
tics Division, the station concept is 
based on the Atlas intercontinental bal- 
listic missile. 

One factor that could be of major im- 
ortance to industrv in the future, and 
elp ease its economic burden, is the 
tentative step Army has taken toward 
modification of its arsenal concept (AW 
March il. p. 19). 

In a first step toward reiving more 
heavily upon industry. Annv awarded 
the Martin Co. a multi-million dollar 
contract for research, development, 
testing and production of the 500-700 
mi. Pershing solid proiX'llant missile. 

Armv spokesmen concede that the 
Pershing contract approaclies a test case 
for industrv and tliat the degree to 
which if will modify the arsenal concept 
depends largclv upon the .success nf the 
program. ■ 
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Bobsleds are bassinets 


. . . compared to supersonic test sleds like 
these. In firings that duplicate the mur- 
derous accelerations and decelerations of 
space missiles, checks out complex 

systems of incredible precision ond deli- 
cacy; airborne digital computers ... in- 
ertial navigation equipment . . . and other 
top secret apparatus. 


Such systems- designed, tested and pro- 
duced by have won an 

enviable reputation for leadership in ad- 
vanced electronic and electro-mechanical 
equipment of utmost reliability. ARAfA . . . 
Garden City, New York ... A Division of 
American Bosch Arma Corporation. 
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Man-In-Space Timetable Still Debated 


By ming Stone 

Air Force’s Man-In-Spacc-Sooncst (MISS) program, scheduled to put a 
manned capsule satellite into a 20(l-mi. orbit l>y the end of next year, is 
considered too daring a project by some scientists and engineers close to the 
space technology' picture. 

Time scale for the MISS project (A\N’ Apr. 7. p. 26) docs not permit 
solution of prime problems to ensure a successful mission and safe return, 
tlicv sav. 'lliey point to the great innnbct of human factors problems which 
must be solved first and add a final caution— that the “reliability'" of the 
manned orbiting vehicle should approach that of present-day conventional 


-\ir I'Orce planner.^, aware of fliesc 
ciiiitentions. prohabh arc pushing for 
relatively cjrlv manned satellite trials 
htouise tliey feel: 

• Many lininan factors aspects of space 
travel ncycr will be resolved adequately 
in ground-based lalxiratory environ- 

• Manned space yehicics, regardless of 
type, will irot achieve the operational 
reliability of present-day aircraft for a 
long time to conic. The new and rcla- 
tivclv hostile environment of outer 
space will make achievement of this 
reliability' infinitely more difficult than 
that attained in 9() some years of prog- 
ress from the first powered, heayier- 
tliaii-air Right to present supersonic air- 
craft. 

• Man yvill never be “fullv" rcadv to 
cope yvith all the progressions of space 
tr.ivcl and he will have to begin fitting 
into these successive stages bv early and 
reasonable participation, with all its 

• Propaganda value of putting a manned 
satellite into orbit and recovering it 
would be of tremendous value to U.S. 
international prestige and would set the 


pia' for support of milihiry and scien- 
tific projects, which arc so closely in- 
terrelated in the new space era. 

• USSR's successful orbiting of the dog- 
carrying Sputnik II indicates that Sovi- 
ets probalily arc not far from attempting 
earth-orbiting satellites. 

Dozen Prelimmory Shoots 

Scientists and engineers who feel that 
Air Force is projecting flic MISS pro- 
gram on too accelerated a basis also 
|3oint out tliat tlic program will bavc to 
start almost from scratch, will require 
almut S170 million in initial funding, 
yvill involve at least a dozen ptchtninarv 
shoots yyith aniinal-carrving satellites— 
some of them recovetablc, pcrliaps, to 
check after-effects of environment and 
re-entry on living subjects. Tlicv sug- 
gest the joint Air Force-Kavy-National 
•Advisory Committee for .Acronautics- 
Nortb Amcrie.ni Aviation Inc. X-15 
project as an alternative, with its logi- 
cal, step-bv-step progression into space 
and its yvinged configuration to aid ic- 

Ih X-1 5's cllipfical-arc flight, the pilot 
could be exposed to about 5 min, of 


yvcightlcssncss, bio-enginccrs point out— 
subst.intially more than the -fT50 scc- 
prcidneed in parabolic flight exi>eti- 
ments. Tliis would afford a prcliniinarv. 
and vital, insight to coordination and 
siilijective adjustment of man to a neyv 

Intent of the X-15 designers is to 
feed in modifications to permit length- 
ening of the elliptical flisht path, so 
that fliglit could be lengthened gradu- 
ally to half way iiround the world and 
finally into an orbit about the earth. 
Tliis orbiting could be accomplislied 
uithin two years .iftcr the initial flight 
m 1959 if rc-entrv techniques arc per- 
fected and the yvhole inan-inacliinc sys- 
tem yvorks out, bio-cngincets .say. 

Chaiyge in tempo of the planning for 
cut-ofsitmosphcrc experiments since the 
X-1 5 yy-as conceived, jihis Russian 
achievements, has prompted -Air l'‘orce 
planners tn accelerate the time period 
in yvhicli man could orbit the earth and 
return safely. Am- data generated in 
X-1 5 trials yvill iitcre.isc tlie fmmdatioii 
of knoyvlcdgc for the Man-In-Space- 
Sooncst (MISS) program— p.irticnlarh 
information on re-entrv, the most crit- 
ical aspect of the manned satellite pro- 
gram. 

Funds Not Pinpointed 

Ihen though funds for .Air Force 
MISS program arc not pinpointed. Air 
Research and Dcyelopment Command 
has started to turn gears for the project 
by requesting technical presentations 
from industry members and NACA. 
Sclicmes for satellite capsules yvere out- 
lined at briefing sessions at the end of 
last February. Industry' companies that 
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WHITi SANDS DIVISION! 

Collection of missile date and research and 
development of equipment for this purpose. 


INSTRUMENT « ELICTROHICS DIVISIONi 

Accomplishing de\’elopment of new instru- 
mentation techniques and the prototype fab- 
rication of equipment. 


I MATTERN X-RAT DIVISION: 

Bv manufacturing area of Land-Air, Inc., 

which fulfills quantity production require- 




CHEYENNE DIVISION: 

Within this double hangar is a two-fold pro- 
gram of Engineering Design and Aircraft 
Modification. 


LANDDAIR, Inc. 


qualified ability in aviation 

electronics and manufacturing 


PT, MUOU DIVISION: 

Processing photographic and oscillographic 
I , data obtained by missile launchings at this 
^ • Naval Air Missile Test Center. 



FIELD OPERATIONS DIVISION: 

Supplying aircraft, aircraft engine and elec- 
tronic technicians on a world-wide basis. 


LOS AH6ELES DIVISION: 

Industry wide data processing concerning 
organization, buying, inventories, etc. utiliz- 
ing the latest computer equipment. 


STEPPER MOTORS DIVISION: 

Producing an incremental rotation, bi-direc- 
tional motor for missiles and automation. 



CHICA60 EN0INEERIN6 DIVISION: 

Theoretical study group solving problems in 
methods and procedures in electronics and 
mechanics. 


'A' Send lor the Brochure describing our operation in detail 


LAND-AIR, Inc. 
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Manned Satellite 
Breakdown 



Aper.<inat.Iy 












participated included .\crnnutroiiic S\s- 
tciiis liic., Lockheed Aircraft Corp,. 
Boeing Airplane Co.. Dougias .\ircraft 
Co., Republic .\\iation Ciirp., Nortli- 
rop .\ircraft. Inc. 

\t ciglit and cmifiguratiou of apnile- 
Si'tdlitc proposals vjr>, depending on 
specific design concept and details, or- 
isitiug period, equipment for experi- 
mental obscrsatioo and supplies. Repre- 
sentative payload and weight breakdown 
for a manned satellite for a 2-Hir. travel 
duration in an approxiinatelv circular 
orbit at about 100-ini- altitude mar be 
btoadiy a|)portioircd to include S5? lb. 
for tlie man and bis supporting inncliin- 
cry, sucli as supplies, controls, liioiogi- 
cal equipment, conimunic-atioiis. tele- 
inetering; and 1.690 lb. for Ciipsnle. 
structure and related equipment, mak- 
ing a total of 2.5-15 lb. Specific figures 
relating to tlie manned vcliiclc are 
given in accompanying table (sec abor e). 
Types of Vehicles 

Two general trpes of \ebicles are 
likely to emerge as possible configura- 
tions for initial manned satellite; 

• Relatively wide, delta-type \ebiclc 
witli lift diaractcristic supplied bv orer- 
all configuration or wings. Re-enfrv 
with this \clricle would use scry shallow 
path fur long, gradual letdown. Rc-entrv 
angle would be somewhere berirecn 1 
and 4 degrees to keep heat rate down 


to a tolerable level. Blunt nose and 
blunt airfoil leadi::g edge or perimeter 
sections would help reduce aerodynamic 
heating. Proper materials would facili- 
tate radiation of heat generated, and 
proper heat design wortld minimize 
cooling requirements, keep weight rc- 

^ Big area would be needed for landing, 
and controls probably would be pro- 
'ided for slowdow:: in impending over- 
shr)ot and for boost in under.slioot con- 

Sotne design thinking emphasizes tlic 
ability to land on water because of tlie 
relatively vast expanse available. Oth- 
ers sav this mav not lx; feasible because 



of difficultr- in finding a large expanse 
of water sirfficicntly smooth to accom- 
modate a landing. 

• Ballistic missile uose cone-type con- 
figuration. This could he a hemispheri- 
cal bodv or a blimt-noscd conical sec- 
tion. Inner capsule would be separated 
from the thick outer shell by insulation 
and air pockets. Hemispherical body 
could be stabilized by fins at the base 
tor nose-first re-entry. Conical config- 
uration could be stabilized for nrese-fitst 
re-entn' bv proper disprrsition of weight 
in the fors'-ard section. Another sclicme 
is to change capsule attitude for re-entry 
so tliat the base of tlie conical section 
points forward, presciitiiig a higliet 


for— high temperature 
sheet metal fabrication 
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unique control proDlem solved 



The Waldorf Instrument Company s Fluid Systems Division 
recently undertook research and development activity on a 
unique control problem for aircraft gas-turbine engines. 

It was required that a hydraulic unit be supplied which would 
provide the specified in-put vs. load position schedule and 
incorporate fuel interlock and over-ride mechanisms. 

A component package was designed which housed the 
following elements: 


The control meets all requirements of military 
specification MIL-E-5009A. 

This unit is designed to operate in an ambient temperature 
of —65 ' F. to 475'" F. with servo oil temperatures of 
-65° F. to 425°F. atSOOOpsi. 


For further information, contact - 


UJaldorf waldorf instrument CO 
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Importance of 

Tills underscot 
satellite stabilizitti 
or tumbling that 
the functioning n 


s sell 


hemes arc being imesti- 
iclopcd to stabilize the 


gated nr developed 
satellite’s attitude with 
These inclnde; 

• Reaction jets protriidi 


prised of a bulge on one side of satel- 
lite itself, coupled bv a liscous fluid to 

nhicl, might be used for a long-life 
M!!torTrani^T''«S'*V a»aclit-d '”> 


1' for closest co- 
Iniinaii factors 
groups. Tliis 
jf concepts ai 



•ept of flic !• 
sign for adaption of mun to macliine. 
test limits, and coordination for flnal 
operation. 

Beeau.se man will be functioning in a 



cope with the unknowi 
he go along o 



tended, functions pcrfomicd hy i 
« ill be biglih sclectii c, supplying in 
pretatimi of data, follow-up action. 
Rnal judgments fat beyond the “ir 
ligencc" capability of the loliicle's 
thine components. 

Despite the extensive cabin ccol 
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Sheet for Brazing Honeycomb 



Braze Honeycomb Parts for 
High Temperature Service 

Flexible brazing alloys sheets are available in ten different 
Nicrobraz alloys, in .005 or .010-inch thicknesses. Fiat or con- 
toured honeycomb sections can now be fabricated for 2000° F 
service. Sheet sizes up to one by six feet. Nicrobraz alloy 
sheets produce little or no diffusion when used at proper tem- 
peratures, are self-fluxing, and are made to provide the proper 
amount of alloy at the joints. Write or call for more information. 


STAINLESS PROCESSING DIVISION 

Wall Colmonoy Corporation 

I834B John R Siroel • Dotrolt 3. Michigan 



Source of Stable AC Power 

>al< IKII with thi sIKnI. wholly dt|linillbl< 
Sohlihin INVERTRON. Now uiod by Itoilinr lii- 


ool Nonli Amorlci, INVERTSON ollm POWir 



NCW UTEMTURC NOW AVAILtllE 

Tell US your power prob- 

our rrodulor construction 
techniques con provide you 
with custom instrumento- 
tion ot production iine 



EUCrSONICS • MECHAMICS • OTtlCS 
OESICN • OrVEtOAMENt • HOJOnft 

2911 WINONA AVENUE 
BURBANK, CALIFORNIA 


POWER AMPtiflERS • OSCILLATORS 
FREQUENCY STANDARDS 
CUSTOM INSTRUMENTATtON 


Circle Nviwber 202 on Reoder-Sorvice Cord 
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studies on earth and those conducted at 
rclathcK liigli altiludc-s on reaction of 
both man and animals, many of the 
human factors answers won't be sup- 
plied unless these arc obtained under 
extended true out-of-atiiiosphcrc condi- 

Problciiis include: 

• Human reaction to satellite cabin iso- 
lation. Ground experiments on isolation 
inMih ing a work and rest sclicdule and 
studies on “total” isolation base gi\cn 
tesearclters a fairly good insight to the 
psscliological hazards that might be en- 
countered in space and the methods for 
combating them. "Total” isolation ex- 
periments indicate serious psychnlog- 
ical results and limited exposure capabil- 
ity to the extreme condition. Longest 
period man has withstood this type of 
isolation in .^ir Force experiments is 70 
lir„ and esen then really complete iso- 
lation wnnot be simulated on earth. 
Subjecting man to cycles of work and 
rest help combat psychological effects 
of isolation. 

One important difference in simu- 
lated isolation and the condition of iso- 
lation which would be encountered in 
a manned satellite is the clement of fear. 
In the grounded "space cabin" the sub- 
ject knows that, regardless of bow se- 
vere or protracted the isolation, cmer- 
gency relief is asnilablc immediatciv 
from the monitors of the experiment. 
This knowledge alone lessens the stress 
iniposed by the rigors of the isolation 

111 the orbiting satellite, the more 
"absolute” isolation, with the absence 
of observers, newness of the environ- 
ment, knowledge that critical equip- 
ment might malfunction, and knowl- 
edge of re-entry hazards, should create 
a huildiip of mental stress far more sc- 
\crc tliaii any experienced in sinnihitcd 
ground trials, Fven loss of radio com- 
munication. could be a telling psvebo- 

• li Sects of prolonged svcightlcssncss. 
Limited experiments in aircraft hare 
helped researchers anticipate what phvs- 
ie.il and mental effects may result from 
zero grasity condition, but spcciflc 
psycliological and physiological raniifl- 
cations of weightlessness resulting from 
hours or days in an earth satellite will 
l« rcsohed only bv actual trial. This 
factor alone justices cirlv manned 
flights in earth satellites to pave the 
way for further exploration of space, 
some observers belicse. 

• Effects of cosinic and otlicr extra-ter- 
restrial radiation. Opinions differ on the 
extent of the radiation hazard. Expeti- 
nient.s have been conducted with mice 
and other specimens such as yeast cells 
and fertilized eggs of .sand crabs, and 
obsened changes have Isceii attributed 
to cosmic radiation. Undoubtcdlv this 
testing will be accelerated and broad- 


ened to precede man's inclusion in an 
earth satellite. 

Effects of sudden burst of cosmic radi- 
ation stemming from large solar flares 
is one subject of speculation. These 
large flares are coinparatisely rate, and 
timing for exposure may tic difficult. 
Studies of one solar Hare in February. 
1956. shoivcd that 130 roentgens would 
ha'e been rcceiscd by a space crew in 
an 18-hr. period. 

Galaxy itself probably has a magnetic 
field and acts like gi.int cyclotron, 
speeding up charged particles from the 
SHU or other stars. These particles may 
base energies of the. order of 10“ to 10“ 
lolts, would penetrate the satellite and 
may knock out a human cell witliuut 
causing excessive damage, it is believed, 
if considerable mass of shielding is in- 
terposed, the primarv cosinic particles 
(hydrogen nuclei and helium nuclei) 
would be slowed and made more dan- 
gerous. it is felt, since in this slowed 
condition they would hit more mole- 
cules in the bodv and capsule material, 
causing more extensive damage. 'I'his 
implies that improper amount of .shield- 
ing might prove catastrophic. 

Shielding will Ik' required to cut off 
sun’s radiation in X-rav and ultraviolet 
regions of the spectruin. indicating the 
extent of cooperation and compromise 
involved in resolution of design and 
bin-tccbnical problems. 


Observation windows in satellites 
might introduce a dangerous condition 
ill the transmission of ultraviolet lavs. 
'lliis mav requite minors to reflect the 
light to a filter to protect an observer's 

Small Animal Studies 

Out-of-atmosphere studies witli small 
animals in ballistic missile nose cones 
and non-rccoverabic satellites will pre- 
cede any initial launching of manned 
satellite. Mouse carried in nose cone of 
Project Abie's Thor-Vanguatd second 
stage firing (AW Apt. 2S, p. 37), was 
the first in scries of ballistic missile 
booster tests with small animals in- 
cluded- -\nimals will range from micro- 
organisms up through chimpanzees be- 
fore man is sent into orbit. 

Noil-recoverable satellites would af- 
ford a good opportunity to study the 
efficiency of a space cabin from the 
ccolcrn’ viewpoint for periods up to 
the lifetime of satellite. Opinion is tliat 
it would be a challenging project to 
keep small animals alive for verv ex- 
tended periods under these circum- 
stances. far bcvoiid dog Laika’s span in 
Sputnik II. Action of a small inonkcv or 
other animal, trained to get at a food 
box, will be recorded by telemetering 
or television cameras to furnisb data on 
the active role of life under orbiting 
conditions. ■ 
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Ampli-NYL 


the entirely NEW 
insulated 

■! terminal line 
for large wire sizes 



FEATURES; 

• High Performance Nylon Insulation to provide 
continued satisfactory service life at elevated tem- 
peratures, plus resistance to ester-based oils. 


• Cast insulation has formed entry ramp to pro- 
vide easy wire insertion and snug fit over standard 
AN wires. 


• Connector designs are available in single to 
single, single to multiple and multiple to multiple 
wire accommodations. 

The A-MP Ampli-NYL Terminal is installed with the 
proven Confined "C” Crimp for maximum electrical 
and mechanical performance. Confining the spread 
of the terminal during the crimping process achieves 
more intimate contact and a homogeneous union 
of conductor and terminal. 
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NAVY'S 50-ft. Iiumun centrifuge at Juhiisiillc, Pa., gains data on Inlcrance G.|oads. has had major role in X-IS program. 


Medicine Paces Man’s Flight in Space 


By Craig Lewis 

As space tcclinologv brings man 
closer to his first flight in a satellite, 
space medicine has become an in- 
creasingly vital partner in the techni- 
cal effort which will make manned 
satellite flights possible. 

The farther man tra\els away fiom 
liis natural cn\ironment. the mote pre- 
cisely liis tchicle must be tailored to 
his physiological and psschological re- 
quirennents. Unis. progies.s in space 
medicine pices the evolution of flight 
into the upper atmosphere and iresond 
into space, 

Oespite the cuiient contruverss oscr 
the usefulness of man in .space, it ap- 
pears certain that he will go into .space 
-if only out of slieer curiosity . Riglit 
now. human factors exports see no 
scTious bars to suca-ssfui manned .space 
flight, and they fed the capability ex- 
ists for short-term orbital flights. Ex- 
tension of such caixrhility in terms of 
time and distance in space flight is 
viewed as largely a hardware develop- 
ment problem. 

Space medicine came to prominence 
only svhen the svholc space fliglit prob- 
lem came into focus after the first Rus- 
sian satellite was launched, but it has 
rapidly risen to the point where it is 
substantial enougii to be the subject 
of competitive jockeving in both mili- 
tary and industry circles. 

Long-standing military space medi- 
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cine programs, which often staned for 
lack of funds, noss- get strong backing. 
•\nd industrv has seen a sodden rash of 
expansion into the human factors field 
as contract possibilities for botli indus- 
try and unis'crsity projects became ap- 

Actually. space medicine is more 
an extension of many older fields of 


study than a new science by itself. 
Much space research is a matter of 
extending the altitude of aviation re- 
search done in the past and other 
knowledge comes from such sources as 
industrial fatigue studies and Naw 
research in submarine operations. 

Part of the present body of knowl- 
edge stems from the brief forays man 


MOUSE with magnets attached to feet is used at Navy School of .\viation \lcdicinc to 
study use of limbs in simulated high gravity field, mnvciiieiit in zero gras-ity. 
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Iiiis already made into tlic- space equi\- 
alcnt regions of the atiiiosplicrc. sucli 
as the high altitude balloon flights 
made by Maj. Dasid Simons. Another 
step into the upper atinospherc will 
be taken when the X-ls goes into its 
flight program. 

•M though the X-15 is not a true space 
vehicle, the timing of its flight program 
\W11 be helpful because of ttit infonna- 
tion it will provide on some of the prob- 
lems invobed in jjutting man info orbit. 
The X-15 will proride some limited 
data on weightlessness, as well as infot- 
mation on the effeets of such phases 
as acceleration and re-entrv. 

Tirst true flight in space will come 
when a man is put in orbit around the 
earth, and the bulk of human factors 
work is now oriented to this task. It 
imolves the specification of human 
needs and the fonmilatiou of reason- 
able human tolerances for the designers 
of the siitellitt:. It also involves the 


study of the effect on the spaceman 
of new phenomena man will encounter. 

Before the first man goes into orbit, 
nmch experimentation will have been 
done with animals. .\ir I'otcc and Navy 
both intend to use aniinal.s to explore 
the biological effects of space flight and 
to help prove out the operational aspects 
of satellites, including their ability to 
bring their passengers back to earth 

Mliile rescatcli in laboratories and 
in the near atmosphere has given space 
medicine a substantial grasp of the prob- 
lems in space flight and many of their 
solutions, major questions remain to 
be answered. Thev involve the effects 
of prolonged weightlessness and cosmic 
radiation, and it appears that these 
questions ssfll hase to remain largely 
unanswered until orbital flight is 
achies'ed. 

Most experts feel that cosmic radia- 
tion «ill not be a !ut to space flight. 
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problems encountered in develop- 
ing the F-101. He was recently 
yspointed Project Development 
Engineer, and in this capacity 
monitors all development test 
programs related to the Voodoo 
airplanes. 

From one basic design has grown 
the versatile Voodoo family of jet 
fighters pictured above. First, the 
long range all-weather fighter- 
bomber F-IOIA, the fastest opera- 
tional airplane in the world. 
Second, the RF-101 reconnais- 
sance Voodoo, holder of three 
transcontinental speed records. 
The third member of the Voodoo 
family is the P-IOIB, a sujMr- 
sonic atomic missile-carrying 
interceptor. 


MEN OF 

PROJECT F-101 


Our completely integrated facilities 
-all located in suburban St. Louis — 
plus our diversified activity in air- 
planes, helicopters, and missiles 
allows us to offer engineers a wide 
range of stimulating assignments. 
We encourage versatility in our 
engineers as well as our products. 




Circle 
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Leader in design, development and production of proven operational 
Escape Systems, Weber offers capsule designs meeting the latest 
requirements of supersonic aircraft. These designs encompass pres- 
surized units no larger than tlie former ejection seats. Stabilization, 
flotation, ‘‘human factor” considerations and comfort adjustments, 
automatic pai'achutes, survival gear, as well as other special require- 
ments are included in the Weber designs. 

Weber has the experience, the personnel, and the facilities to handle 
your requirements for specialized escape systems, be they design, de- 
velopment, and/or quantity production. 

Weber ejection systems are in Boeing's BUT Stratojet and B52 
Superfortress . . . Cessna’s T3TJet Trainer . . . Convair's F103A Inter- 
ceptor . . . McDonnell’s FlOlA Voodoo. 



WEBER AIRCRAFT CORPORATION 

A Subsidiary of Weber Showcase & Fixture Co., Inc. 

2820 ONTARIO STREET • BURBANK, CALIFORNIA 
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although sonic uncertainty was raised 
bv reports of unc.xpectcdly intense radi- 
iitioii at altitudes above 621 ini„ re- 
corded b\- the Ex|)lorcr satellites. Ihis 
problem can probably be met with 
increased shielding, although scientists 
will bare to dcterniinc the nature of 
the ncwlv discovered radiation before 
tliev can specify the t\pe and amount 
of shielding necessary. 

Much data on the effects of cosmic 
radiation has been gathered by the 
.\eronicdical Field Laboratory at flollo- 
man .M'B through balloon operations. 
Specimens ranging From radish seeds 
to nioiike'S «crc sent to altitudes where 
setv little of the atmosphere remained 
to screen tliem from radiation. No radi- 
ation effects were detected which would 
indicate a major hazard to space fliglit. 

Last scar. Frojcct Man High carried 
Capt. Joseph W. Kittingcr to 96.000 
ft, and Lt. Col. David G. Simons to 
102.000 ft. in balloon flights. Simons 
staved up for 32 lir., much of Hic time 
at 102,000 ft-, and he reported no ap- 
preciable effects from radiation. 

Effect of weightlessness on man in 
space is another of the major miknowns. 
Despite (»perimciits in which l ery sliort 
terms of zero gras itv have been induced, 
the final answer mil not be known until 
man has spent a few hours in the 
wciglitlcss state. 

• Wcielitlcssness lias been induced at 
both Randolph .-KEB and Ilollnnian 
AFB l)v filing Kcpicrian trajectories 
with T-33 and F-94C aircraft. Tlicsc 
parabolic flights produce less than a 
minute of wcielitlcssness, and altlioiigli 
a faster aircraft might double tlie du- 
ration of zero graiitv, the time span 
is still verv small. 

Test Findings 

Some nf the subjects in tlie Rjii- 
dnlpli flights enjoved the sensation of 
weightlessness, other didn’t like it so 
much, and about 25% of them dciel- 
oped motion sickness. Some of the 
niinoritv' who got sick eventually devel- 
oped a tolerance for zero grmiti'. indi- 
cating that a relatiicly small percentage 
nf space tr.iielers will have a natural 
seiisitiv ity to the wcightie.ss State. 

Dr. Siegfried f. Ccratlicwohl, the 
scientist in charge of tlie Randnlpli zero 
graiitv experiments, feels that the in- 
itial period of weightlessness is most 
aitieal because that is where adaption 
occurs, Thu.s, Cerathewohl thinks that 
if a pilot tolerates weiglitnessncss in 
the beginning nf a fliglit. the chances 
arc small of long periods nf this unique 
slate haling unforeseen effects. 

•Attempts have also been made to sim- 
ulate weightlessness on the ground to 
extend studv over longer periods. At 
AA^tiglit Air Dci clopmcnt Center’s Aero 
Medical Laboratory, a platform sup- 
ported by conipiessed ait moves frcclv 
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and gives a wciglitiess effect on imc axis. 
A more elaborate (•tructurc mider devel- 
opment b\- Antioch College for \\‘.\DC 
will suspend a imm in a frame sup- 
ported on frictionlcss bearings. The rig 
will mo\e in a cushion of compressed 
air, and the subject svill ba»c a weight- 
less sensation in bse inotiims. 

Experiments base also been done in 
fluids, Man's buovimcs' is used to sus- 

t )end him in w-.iter to simulate weiglit- 
essness- All of these methods produce 
some of the effect,s of the weightless 
state, but none produce the true effect 
of zero grax'ity, 'Ihc subjecf,s internal 
organs and .systems, for instance, art al- 
ways subject to gra' ity. 

Along ssith their tests of cosmic ra- 
diation. Man High flights were interest- 
ing because they employed a st-.iled 
Ciipsule of the ty^ that will base to he 
provided for man going out into splice, 
'i’he capsule has to amtrol teiiiperatvire, 
humidity and pressure within tolerable 
limits, and it has to reinosc cirbon di- 
oxide and add oxygen t<j the cabin at- 
mosphere. \\ atcT and food nnist he 
provided, and wastes disposed of. 

Man Higli capsule performed the 
functions necessary for a short-term 
flight. As flight times increase, the 
cipsiile becomes more coni|3lcx. I'nr 
instance, on flights of a day or so. suffi- 
cient oxygen can he carried along in 
tanks. When flight times get longer. 


a self-contained oxygen system sshicl) 
remoses moisture and carbon dioxide 
will be necessary. And uhile waste dis- 
posal and ssatcr ssatcr supply ate no 
problem on a short fliglit, a means of 
leeosering water from sssstes and from 
the cabin air will liavc to he dcs eloped 
for longer trips. 

WAOC Space Capsule 

Once the human factors c-xperts bas e 
told the engineers what tlie csibin en- 
siromnent must he like for a msm in 
spsice. the extension of flight times is 
largeh' a matter of hardware desclop- 
inent- Right noss. the state-of-the-art 
is close to heiiiB capable of supporting 
a m.m in orbit for a dav or tss o. 

^\'right Air Development Center is 
contracting for a prototype .space cap- 
sule whicli will liai-e as mucli self-con- 
tained equipment in it as 'sill be avail- 
able when it is built. This prototype 
c.ihin. wliith will bring together tlie 
'arious types of systems needed to sup- 
port a seated environment, will be a 
rese.ireli and deselopmcnt item, not an 
opcratioiia! space cabin. 

^^',•\DC has a closed oxygen system 
under dc\clopincnt b\' Air Reduction 
Sales Co. It "ill remose carbon diox- 
ide chemically, then rcmo'c moisture 
by cooling. Nc« oxygen is added to 
the purified air. and it is ])unipcd b.ick 
to the mail. 'Ibis svstem. which com- 


bines known principles, has been dc- 
'•eloped to a container size where it can 
he strapped on a man's back. 

Air circulating through the system 
could be used to cool the space man 
by circulating it through his suit. This 
svstem "Oii't "Ork in the 'veightless 
state because tire water cooler uses a 
gra'ity feed, but "ork is being done to 
adapt it to use in zero gra'-ity. 

One possibility for a considerably 
more .sophisticated cabin system lies 
in the use of photosynthesis. Using this 
principle, researclrers at the US.M' 
School of A'iation Mcdiciite at Ran- 
dolph A1''B have kept mice alive in a 
closed s'stcm for several days. Tire sy s- 
tem depends on the ability of algae 
exposed to light to absorb c.irbon diox- 
ide and produce o.xygen. 

Since the algae grti"-, tliey may be har- 
'cstcr ft>r food, and since they need nu- 
trient. luimaii wastes may be processed 
to nourish them. Thus a photosyn- 
thetie svstem could perform a variety 
of functions, .-kt this stage, such a gas 
exchange system is entirely too crude 
and unu ield'' to operate in a space ship, 
but it holds promise for future flight 
pliases when ships may go into space 
for 'seeks or months. 

Pressure suits become more and more 
important as altitude increases, and 
light'vciglit suits recently developed by 
the --^ir horce and Nasy are .significant 


steps toward efficient sp;ia' tr.i'cl. The 
space man will need a suit he can work 
and li'c in comfortably, and this means 
that more iiiipro'eniciits will ha'C to 
he made as fliglit times are incre.ised. 

Ultimate in suit capability will be the 
abiht' to do something like "-alking on 
tlie moon. Before that point of explor- 
.itioii is readied- use of a pressure suit 
"ill depend <m reliability of the system. 
If space 'cliicles acliic'c a high degree 
of reliability, man may be able to take 
Ins suit off, hut he will always bas e one 
•dong "ith him. 

I'isaipe from space 'chides is Ix'iiig 
explored, cspecialh- chiring the launch 
and re-entr\ jihases. W,\DC is study- 
ing the effects of buffeting and oscilla- 
tion in the ttans' crse G field in its cen- 
trifuge, and furtlicr studies "ill be 
iniide in the larger Navy centrifuge at 
lohnsvillc. Pa. 

Kscape while traveling in space is a 
different problem. Leaving a sp,tcc 
'cliiclc and returning to earth "Quid 
icquire another space 'chicle with a 
liropulsinn system and a sii|)ply of food 
and oxvgcn. and it would in'ohe the 
Mime problems as ordinary space fliglrt. 

Kffccts of acceleration and decelera- 
tion lia'C been studied by siicli means 
as Col, John Paul Sta|)p’.s sled runs at 
llolkmiaii and the US.\l’ and Navv 
centrifuges. Rocket thrusts and 'cloci- 
tics for satellite launchings aiitici[jatetl 


by human factors researchers are ex- 
pected to keep these forces 'vitliin hu- 
man tolerances. 

Researchers ha'C experimental uitli 
the use of 'vatcr to protect man from 
the G forces of acceleration. Centri- 
fuge tests with the subject immersed in- 
side a metal container sho'vcd that anus 
and legs could Ijc nio'cd freely, but tlie 
pli'siologieal effects 'verc about the 
same as in a G suit. Since the heart 
and lungs were encased in air and didn't 
ha'C tlie protection of surrounding "a- 
ter, chest pains desclopcd as thev would 
in a G suit. 

Fluid Method of Prelection 

Ihis fluid method for protection 
from acceleration svas discussed sescra! 
years ago bv Dr. S. N. Stein, now "ith 
the Na'-al \Icdica! Research Institute, 
in the /niitnal iif .-Ssiutiou .Medicine, 
lie suggested that filling the lungs with 
water with oxvgcn dissolved under 
pressure and properly adjusted for '-ar- 
ious characteristics, as "cll as summnd- 
ing the man witli this water, might 
concci'-ably sustain life. W ith an itr- 
coiiiprcssible fluid arnimd and within 
him, man would be Ixittcr priitceted 
from G forces. This a'cinie is one that 
wriuld reejuire coixsiderably more ex- 
perimentation before it could he con- 
sidered a rc-asonahlc solution. 

One of the psvciiological |jrol)ltms 


in space is the fact that it represents 
near'' a sensory 'aauiin, something 
man has not experienced. A key factor 
in the new space en'ironincnt "ill 
be man's ability to use his senses witli- 
out such usual sensory aids as sound, 
sc-attered light and points of reference. 

Basic rc.searcl' in pure isolation is 
done at W'.\DC "ith an anccUoic 
chamber to test the effects of isolation 
and confinement mi the pilot of a one- 
man spaa' ship. Subjects arc confined 
in the soundproof, liglit-proof room 
in a state of pure isolation, then '-arious 
stimuli, such as uiipatteriied sound or 
light, are introduced. 

Bv subjecting men to space-type 
stresses no'v. tire isolation tests should 
also be 'aluablc in determining wlrat 
t'lx of man i.s psychologically suited 
to spaa flight. 

Human tolcrana- to heat will be an 
important consideration in spaa’ 'chi- 
cle design, especial!' for the launch 
and re-entry pliases of flight. W'.ADC 
lias tested man's tolerances in heat 
fhamlicrs. and a new chamber, which 
will be finished this snmiTieT. "ill 
broaden experimental parameters. It 
will produa’ temperature.' ranging from 
inimis 501'' to 500F and "'ill 'ary 
humidity, take altitude to 100,000 ft. 
and iiidua’ wind velocity up to 10 
iiiph. 

Nil" has a Iniinau calorimeter at its 



Teflon Hose Assembly . . . Xitcflcx 


GUARANTEED! Titeflex Springfield “110” Hose Assemblies 
are approved for military use at operating pressures up to 
1500 psi between temperatures -67° F and + 450° F. They are 
guaranteed against blow-off at their specified range of tem- 
peratures and pressures. Any hose assemblies found defec- 
tive under these conditions will be replaced without charge. 
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Chose menasco 



first in development, quality, delivery and service, 

menasco manufacturing company 

BURBANK, CALIFORNIA • FORT WORTH, TEXAS 


...Because menasco designs and produces 

■THE shape of things TO COME" TODAY... 

in landing gear for supersonic bombers 


CoNVAiR USAF B-58 “Hustler',' spectacular in 
appearance and performance, is the world's fastest 
bomber. Faster-than-sound, it operates at altitudes 
above 50,000 feet and has tremendous capabilities 
for the fast<hanging air power concepts. 

One of the important, complex major sub-systems 
incorporated in this great bomber is the long, bogie 
landing gear, designed to provide ground clearance 
for the external pod which carries the Hustler’s 


"Sunday Punch" 

Menasco was chosen to design and fabricate this 
special landing gear system which combines the most 
effective combination and application of both alu- 
minum and high heat-treat steel for lighter weight, 
strength and compactness. Such processes as hard 
chrome plating of aluminum and Menasco's exclu- 
sive Uniwelding are used to assure built-in quality 
and dependability. 
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Bethesda Rcs«ttli Imtitutc which i'. 

st.ind high ttm[HT.ihirc. ,Liid how hist 
he will acamiuliitc heat to an iiitiilcr- 
jblc dcEtcc- 1 ciiipenituTC in the f.ihv 
iinictcr can be controlli-d at levels be- 
tween 55 and IROh' and ineasiireinont'. 
made of the hc-at ptodiieed b\ the sub- 
ject at each temperatuie, as well as 
owgen coiisuinption and carbon di- 

Calorimeter studies of heat loss tafe 
and evapiitatinn cicles can he used to 
determine ranges of cmitoninental 
leinper.iturc where mnu’s requirements 
tut such eiieigv fuels ns oxygen and food 
ate sinallest. 

Probablv the best publicized of space 
medicine work lia.s been the recent 
sinuiliited space flights in cabin siinu- 
Utors at Randolph and W'.'tDC- In the 
Riiudolplt experiment, a volunteer air- 
man spent seven days in a sealed cap- 
sule, working on |).svchnlogical problems 
under a planned work-rest schedule. In 
Ihe cabin, fresh oxygen was supplied 
and carbon dioxide removed, and the 
teinperatiirc was kept near 75h' while 
liumiditv tanged betxveen flO and 52%. 
Pressure was at the IS.OOO ft. level. 

.\t \V.-\DC. five men lived together 
in a space cabin simulator for 120 
hr., working according to preset sched- 
ules on a mission which simulated or- 
bital flight. Ill this test, the crew was 
made as comfortable as possible but vv-.is 
eompletelv cut off from tlie outside 
world except for scheduled reports over 
check points involved in the mission. 

Value of Simulated Flights 

Not much new is Ic-arncd from these 
simulated space flights, but thev have 
their value in studying the effects of 
confinement on both the isolated 
single crewman and the group of crew- 
men who must work together over long 
periods. Thev also have the value of 
(itinging a number of the psy chologitxil 
stresses expected in space flight together 
in one experiment, giving resc'.ircliers 
some idea of the interrelation previously 
studied se))atatclv. 

5\'ork cvclcs for space crews arc one 
factor with which the space cabin 
simulators can help researchers. .\t 
Randolph, the siihjtxt who was alone 
for seven days lived under a schedule of 
four hmir.s on duty and four hours riff. 
While tasks imposed under this sched- 
ule kept his mind occupied and ciinii- 
iiated such problems us hallucinations, 
llie cycle failed to combat fatigue, and 
jiroficiency fell off after the third dav. 

In the experiment, the crew 

members worked and rested on much 
longer time cycles. Pilot, copilot and 
flight engineer worked 16 hr. out of 2-4. 
Vet performance remained gcntrallv 
high. For flights in space over long 
|)criods of time, a work-rest cvclc some- 
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\'lu.ri. bitwa-ii thi; Ritiulolpli ami 
W ADC sdiccliilcs will prabiibK bt ))ri.- 

-uibcci to imiint.iin maximum piifuim- 


Novy Research 

N.i\\ bii' dune cimsidcrablc work on 
man m toiifincd, isolated cnsifoimKnts 
which contributci to space medicine. 
Much work along these lines has been 
done in submarine research in the ]xist. 
and the capability of nuclear subs for 
long underwater cruises inctcascs the 
need for s.icli work. 

Dr. S. N. Stein of the Nasal Medical 
Re'cardi Institute points out that space 
nie-dicinc and subniacinc medicine both 
deal ssitli encapsulated ensironments. 
I sideme of this ran be seen in a test 
cb.imlxr 0|)trate(l at the Bellicsdii 
Re'eareh Institute. I-ike tlie smaller 
di.imbers used bv the .kir I'otee in its 
'nnnlatecl ■'F''.'e 

prescribed periods. 

Nass etiambcr has an adjacent hot 

loom or the hot side of a .space sfiip' 
.\ second room contains a shower, 
laiatory and air conclitioning tqviip- 
iiKiit. .kit emiditioning system controls 

add' oMgen as it ciiculates air. It can 
also remose or recirculate contaminants 
generated hi the crew to determine the 

a eonfined em ironment. 

Sinee researchers are already working 
ml luarb all the projects which can he 
done on earth, the next big step for 
sp.ite iiicdicint will be to .send biologi- 

witli .miinals in satellites will he aimed 
priniariK at studying the factors, siich 

cannot be sfutlicd on earth. 

Both the .\ir l orce and the Nass arc 
read' to get into the satellite business 
when an official decision is made. USAR 
lias animals at both Holloman and 
MADC. Ait Rorce plans to train 
primates to perform tasks under sininla- 
ticn. tliin .send them up to sec how 
lbt\ perform undet siwcc stresses. 

1 ' pes of animals which go into salei- 
Hies will depend to a great extent on 
weight limitations imposed bi hardware 
c.ip.ibililv. I liglds are expected with 
rodents and small primates, but e'eiitu- 
,.1K rcseareliers will want to send a 
jjrim.ite like the tbimpani'ce into orbit 

well <is iilber characteristics. 

Nan is working with both rodents 
and primates at its Betbesda f.icilili. 
R.its art small and hardy, and the fact 
tli.il r.its base been useil wideh in re- 
■e.irch makes it simple to assc's their 
tactions to experimental conditions, 
N.isy has confined a group of rats in tx- 
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ftcmcly small rages to dctcnniiic what 
effect confinement in a satellite might 
have on them. 

One seriou.s disadsantage tats liai’c in 
space research is that they can’t \oniit. 
Since vomiting is a symptom of radia- 
tion sickness and may result from 
weightlessness, rcscarclicrs would like 
to be able to measure it. Other disad- 
santages lie in the fact that rats arc 
harder to train than primates and 
don’t haic the hunian-tvpc arm and 
liand structiues of priinates. 

One prospect for space flight Navv 
researchers are studying ckxsely is tlic 
cotton-top marmoset. 'Iliis monkcx-likc 
primate weighs OnK 1-2 lb., and appears 
to haie rouglilv the same intelligence 
as a monkey. He is trainable and ap- 
pears able to Icatn the psvchomntor re- 
sponses needed to test discrimination 
of muscular sensation in zero gras its. 

.Another prospect is the squirrel 
monkcv, the smallest true monkev. Tliis 
primate weighs 2--1 lb., is hardier and 
probable easier to train, according to I.t. 
Robert \'oas of the Betbesda Rescarcli 
fnstitiite. He also points out that the 
squirrel monkey has been used more 
often in experiments, so innre is known 
of it, and it would be easier to intct|3ret 
measurements of the reactions. 

Usc of priimitcs in satellite experi- 
ments is adianbagcous because of the 
degree to which they can be trained. 
Psychological effects of prolonged 
weightlessness can be measured bv their 
rc5|)mi5c in orbit to the same stimuli 
they have learned to respond to on the 
ground- Nasy is mosing into the train- 
ing phase with its animals. 

Before Nasy would scud animals into 
orbit, they would be tested in pressure 
cbaiiil)ct and centrifuge to get a pro- 
file of their reactions to the various 
forces they will encounter. .\s witli 
faiika in Sputnik II, the first animals to 
go up won't conic back, so it’s im- 
portant to predict their life span ac- 
curately with the oxygen and food tlitv 
will haie with them. If thci- die before 
this S|)an is up, rcscnrcliCTs'will be rca- 
.sonably sure they died from some un- 
measured effect, like cosmic radiation. 

^\^lile test animals arc orbiting in 
space, other animals from the same 
group w-ill be kept in a simulated en- 
liroiimcnt identical to that in the 
satellite. Ctimpating this control group 
with the animals in space helps to 
isolate space reaction ditfnena’S. 

I.t. Voas points out that an esen 
more precise comparison could he made 
if a control gtouj) went along in tlie 
satellite. Tilt control group would be 
placed at the jicriplicry of a spinning 
Siitcllite where centrifug.il force would 
induce artificial graiitv. the experimen- 
tal group would he in zero grai its at the 
center. 'Fluis, both groups would he sub- 
ject to the same force of acceleration. 


radiation, temperature and all other con- 
ditions but zero gtaiity, and ans differ- 
ences in their reactions could be pinned 
directlv on weightlessness. 

W'hilc the sizes of satellites and 
boosters for biological experiments 
haven't been officialli- described, it 
seems certain that they will haie 
capabilities greater than those of the 
Vanguard and Jupitcr-C rockets cur- 
le-ntlv used in satellite launchings, .Al- 
though weight is a crucial factor in the 
choice of animals, researchers mav want 
to send a number of small animals, 
ratlier tlian one large one. on some 
flights in order to improsc their statis- 

While tlie first groups of animals to 
go into orbit are not expected to re- 
turn to earth, cientually they will haie 
to be brought back safeb- in order to 
complete experiments on sp.icc effects. 

Telemetering capabilih will be an 
important link in studiing biological 
specimens in space, and the Nan- has 
deseloped considerable competence in 
this field. It has been telemetering dal.i 
from high altitude balloon flights since 
19-17 and has the equipment readv to 
go as soon as miniaturization prublcms 
arc licked. 
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Telemetering for biological experi- 
ments is different from techniques used 
in missile tests. It must be tailored to 
the job of transinittiug physiological 
data. Nas\- can tcleinete-r information 
oil the respiratory, circulatory, digesthx-. 
e-.xctctorx. neuromuscular, cortical and 
temperature regulating siatems. Tele- 
metn- will return IS pieces of data, and 
I-’.Af/FM telemetering systems now- used 
on missiles could be adapted to medical 
use and provide data on 96 channels. 

Importance of getting coinpicte data 
on the first orbit is stressed by Ca|)t. 
Norman L. Barr, chief of Navv's avia- 
tion and space programs. He notes that 
chances of a man dving in a satellite 
are most critical in the first orbit. .And 
on the first flight, man mav onh' stay 
up for one orbit. Ban says that shijis 
and Afinitrack stations can be oriented 
to get complete data on this first 
orbit. 

Use of a telemeter-telephone system 
dcscloped under Captain Barr’s direc- 
tion can aid in speedv gathering of data 
from orbiting satellites. 'I’elcmetercd in- 
formation can he- rciased from ground 
stations hy telephone lines to a central 
data processing point, and ships can 
relay data b\ radio. ■ 
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FLIGHT test work on X-15 will be carried out on a special range, B-52 will release X-15 met Wendovet. Utali. 


X-15, Dyna-Soar Will Put Man Into Space 


By Richard Sweeney 

\^'ith his eoininon sense and his ability to anticipate and discriminate, 
the human pilot has insured his role in space craft, although he mav scn'c 
picdominaiitly as a monitor and decision maker and become part of control 
loop only in direct emergence 

USAF, prime backer of the weapon systems tliat will put man into 


space, has proceeded on the Irasis t)f 
Soar, the orbit-al, hypersonic glide boi 

Before Dyna-Soar, for whicli two 
Phase I study contracts liavc been 
a«-.irdcd, can achieve technical soiiiul- 
ncss. LISAF’s first manned vehicle to 
jsiolie into space will ha\c g-athered 
much data ntecssarv to Dvna-Snar's 
design. 

[lie rocket-powered X-ls tese-atcTi 
air/spacc craft, a joint venture of US.VF. 
N'aty and Xaliomil .\d\isor\ Coinmit- 
tce for ,-\cronautics, with \.\C.\ as 
technical director, will collect |jrcliini- 
nary information on: 

• Various as|)ccts of aerodynamic con- 
trol. stability and niancusetabilitv in 
the atmosplicrc, on its fringes and in 
space at hypersonic velocities. 

• Stntctnral problems in airloads, as 
well as aerodynamic licaling and accel- 
erations. 

• niitnan factors, sucli as the effects of 
weightlessness for measutahle periods 
effects of accelerations, |)crformancc of 
tlie pilot functioning in the control 
loop as well as monitoring automatic or 
semi-automatic control systems. 

• Flight techniques for re-entry and de- 
celeration, two ctitical areas. 


manne-d systems and projected Dvna- 
iber, as a piloted weapon. 

• Materials. Although not presently 
part of the X-ls flight ptogtam, flights 
at later dates undoubtedly «ill imohe 
satious new materials and constriictinii 
techniques. 

i'he X-Is. designed and built bv the 
Los Angeles Division of North .Ameri- 
can .Ar iation, Inc., is constructed pri- 
imirilv of steel. It will have a thrust/ 
weight ratio at launcli of approximately 
2 to I . .-Mthough it will carry man 
higher and faster than any tciiiclc pre- 
ceding it. it will not in itself represent 
any breakthroughs in aircraft design. 
Proven Techniques 

Starting from tlic basis of prosen 
techniques in all areas. X-li is not a 
completely optimized \ehicle. \\lietc 
coiiiptomiscs to hold to time limits or 
safety stainhirds nliich present accep- 
tahie risk lesels were indit-ited, compro- 

Although no radic.il brcaktliroughs 
ate |)tesented, tlic X-! T design does tep- 
resent v ery advanced concepts of proven 
design. For instance, a nickel allov steel 


lias been used as "armor’’ again.st aero- 
dynamic heating, with titanimn and 
stainless steel structure underneath. 

X-I F configuration is Iwsically a body 
of revolution, vvitli ttiangular shaped 
blisters rounded on top running down 
each side of fuselage from just aft of 
the pilot's compartment to the tail. 
Wings project from thi.s, as do the hori- 
zontal stabilizets. Round top of the 
blister flattens toward the teat, and 
where wings, stabilizers are mounted. 
.\il controls, plumbing and wiring from 
the pilot’.s station to the powcrplant 
section and control surfaces ate carried 
in the blister. 

l-hselage. approximately 50 ft. long, 
is integral fuel and oxidizer tank of rela- 
tively thin-wallcd stainless steel. sub- 
stantial circular member running lonei- 
tudinally along the neutral axis of the 
airoaft provides structiital strength, also 
serves as a line from the fuel and oxi- 
dizer tanks to the povverplant. Circular 
licit frames are used, spaced approxi- 
mately 4 ft. apart, with three equal- 
spaced beams extending radially fiom 
cx-nter member to licit frame. Fabrica- 
tion is by welding. 

I'uel and oxidizer tanks have radar- 
dish shaped biiffles to minimize fuel 
slosh, especially to help prevent .signifi- 
cant shift of mass during periods of 
weightless flight, should a quantity of 
piopcllanfs for use at re-entry be left 
aboard unused. 

Wings arc thin, supersonic profile 
:md incorfiorate supersonic ailerons for 
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Right in the atmosphere- Trailing erlgcs 
are blunt. Leading edges arc hiirly 
sharp but not so much so as tliose of the 
I'-i04. However, in relation to the 
thickness ratio, leading edges base a 
faith- large radius, resulting in a condi- 
tion rc.seinbling bluiitness. to minimize 
leading edge aerothiiamic heating. 

Wings arc low aspect ratio. Leading 
edge is sssept back hut not shaqjh-. 
1 railing edge is swept forward a few de- 
grees. Wing sp;m approximates 22 ft. 

Horizontal all-mn\jble tail has a 
swept leading edge and 15 deg, of an- 
liednil to aid .stabilitv. Trailing edges 
.'If blunt. 

N'ertical surfaces liase a swept lead- 
ing edge and a sliglil forss ard sweep on 
trailing edges. One unique feature is 
the extreme liUmtiiess. with tiailiiig 
edge of both upper and lower .surfaces 
1 2 in. across- Toil half of the s ertical 
stabilizer rotates tor aerodsnamic enn- 
trcil. similar to the Bomatc nrissile. \'en- 
tral fin has no moving portion, and is 
lettisoned for landing. I'op surface is 
■ipproximatelv 5 ft. high, sentral about 
4 ft. 

Landing gear consists of two retracta- 
ble skids at tear, wheel in the nose. 

Pnwcrplant is a 60.000 lb. tlirust 
liejiiiel ptoix'lkiiit rocket engine built by 
Reaction Motors. Inc. Propellants arc 
. nhydrous amnioiiia and liquid oxygen. 
.Illiough changes can l>e made to other 
tombination.s slitnild the plane's inis- 
sirai be eliangcd. 

I’ropcllants are pressure fed to the 
engine witli helium used as the pressur- 
izing agent- Lngine is controlliblc in 
the gencrallv acceirted sense of the word 
for rocket engines-tlnit is. it e-.m be 
throttled tlitough about 505f of its 
power spectnnn. but controls are pro- 
vided which prevent aceideiitallv ex- 
ceeding the craft's or man's limitations. 

Control svstcin for ont-of-atmosphere 
flight consists of reaction jets, powered 
hv hydrogen peroxide mono|3topell:int. 
•itling with J chemical catahst to create 
.1 steam jet. Ports about 1* in. elia. arc 
located on the top surface of each 
wing for roll control and nn top and 
bottom and on each side of the nose 
for pitch and yaw control. 

\\Ticn the reaction controls are used 
after the main engine has been shut 
down, they will resvdt only in a change 
of attitude for the aircraft and not a 
change in flight path, since they will 
'iitrclv rotate the airplane about its 
center of gras its . With the main engine 
running, change in attitude and hence 
thrust direction will result in a change 
of Right pith. 

Pilot dispkn for the X-15 will be a 
well combineci ssstem based on present 
dispkns, although there will be differ- 
ences required bv the thanged fi.imis 
of icfcience in out-of-atinosphere Right- 
Guidance system will be inertial, feed- 


ing elata to both the automatic flight 
eiintrol ssstem and pilot di.splay. 

Pilot's controls will consist of a right 
hand side stick for aerodMUiinic con- 
tiols. since initial accelerations preclude 
eReetise work with the standard central 
stick. Out of atmosphere reaction con- 
tiols will he a small tluee-directional 
h.indle- on the left Inmd console, witli 
stick inoscnient to left or right control- 
ling yaw. tilting left and light to eoii- 
tiol roll, inoscnient fore and aft for 
|;itch- 

Cockpit are'a becomes an escape cap- 
sule at high altitudes, and a sii|)er.soiiic 
election seat with stabilizing vaiics and 
shock wave gciieiator for ejection at 
lower altitudes is incorporated. 

,\n essential part of the X-! 5 program 
is the pilot's space suit. Weighing 15 
ih.. it e-dii be donned bs the pilot alone, 
althimgli lie needs licln attaching licl- 
met. ,\n 1 1-16 hack pick contains eincr 
genes oxygen and pressure ssstem. Suit 
has exterior aluminized coating to re- 
llect heat in ca.se of cmergciics. et|uisa- 
leiit pressure inside equal to 25.000 ft. 
Suit was developed bv David Clark Co. 
of Worcester, Mass., iu a 10-year, joint 
LIS.U'. Nary pressure suit |3rogtani, and 
is suitable for true spite Right as sscll 
as very high altitudes. X-1 5 suit is one 
of four prototspes. and allows the pilot 
freedom of nioseinent heretofore unob- 
t.iiiiable in full pressure rigs. 

'Ihree X-15 vehicles arc Ixitig built 
in the program, one rigid beliind the 
other. It is phiiined to eoniplete and 
flight test all three sehicks as soon as 
possilile. so that each can pirlieipatc 
in tlie rese-arch flving. .511 three vehicles 
are identievil in all respects. 

B-52 Corrier 

X-15 will be carried to aUitiides on 
the order of 40.000 ft- slung under the 
right wing of .1 modified H-52, since 
it is too kirge for tlic IseUy-c.iriy used 
in tlie X-1 and X-2 programs. Due to 
the tankage configuration and fuel svs- 
tem of the 15-52, balance is no problem. 

Use of this tcchiiiqiie. Iiowestr, cuts 
down fiexibilitv for adjiistmcntx and 
minor malfunction corrections in the 
ail, if thev sliovs up on checkout just 
l>tior to drop. -\tso. tlic pilot will he 
loeked into his vehicle prior to takeoff. 

OviT-all flight test program for tlic 
X-1 5 is being Ininclled by a committee, 
composed of US.M'' anti N.5C.5, with 
the Xavy inaiutaining liaison. 

Initial flight tests and contractor 
demonstrations will be liandlctl by 
Stott Cro'sfield. N'oitli .\inerie'.in de- 
sign specialist, the first man to fly Mach 
2 and a veteran of more than IIIO rocket 
fliahts. 

His work will l>c limited to altitudis 
and Math mimhcrs alreadv achieved hv 
olhas. notablv, an altitude of 126,(i(jU 
ft. reached by Capt- Ivtii Kintlilut in 


Test Engineers 


at Marquardt 



Otfden, Utah, ramjet production plant. 

Our new USAF-Marquardt Jet 
Laboratory near Ogden will be an 
efficient, ?eif-contained installatio.n 
covering 1800 acres- Its compact, 
functional design is an engineer’s 
engineering facility. Complex test 
Celia, with associated instrumentalicn 
and computers will permit sea-level 
ami altitude testing of full-size and 
test-scale models. 

In our burn test cells, high pres- 
sure air is directed over the test 
engine through subsonic, sonic and 
su|iersonic nozzles and exhausted l-l 
the atmosphere. 

Professional engineers, interested 
in working in a creative engineering 
environment— utilizing the most mod- 
ern lest facilities — are invited to 
investigate openings, some at a sente? 
level as: 

Analysis Engineers 
Design Engineers 
Test Operations Engineers 
Instrumentation Engineers 
Electronic Engineers 
Engineering Mathematicians 
Inspection Specialists 
Engineering Planners 
For iidditionnl informntion ccnUicti 
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16551 Saticoy Street 
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Marquardt Means Opportunity— Test 
engineers no longer need feel grounded by the lack of 
stimulating projects. At Marquardt Aircraft, the com- 
pany where an engineer/bakriee* has never existed, 
your work will span a broad range of supersonic 
propulsion problems. Look to your future by looking to 
Marquardt, today. Addre$$ your inquirUs to Jim Dale, 
Professional Personnel, 
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Newest in the Cherry 
High Ciinch Rivet Line 



New design concepts are possible 
with the complete line of Cherry 
High Clinch rivets. Smaller fas- 
teners— stronger materials— a com- 
plete range of temperature and 
strength applications suited to 
your problems. The new Cherry 
“800” in Monel, the "700” in alu- 
minum, and the “600” high- 
strength, high-temperature rivet 


in A286 stainless steel give you a 
complete selection— al I in the same 
proved Cherry High Clinch con- 
figuration*. 

For technical data on the new 
Cherry “800” Monel and other 
Cherry High Clinch rivets, write 
Townsend Company. Cherry 
Rivet Division, P. O. Box 2157-N. 
Santa Ana, Calif. 


CHERRY RIVET DIVISION 

SANTA ANA. CALIFORNIA 

Townsend Company 

ESTABLISHED 1816 • NEW BRIGHTON, PA. 


the X-2 and the approximate 2.100 
piph. acliicscd bv Capt. Milbuni .\pt 
on the ill-fated laxt flight of the X-2. 

North -\nieric.in has. honocr, de- 
signed a machine which, with minor 
modifications, is capable of orbiting 
flight, and the conipanv has made a 
number of pro|)osa!s to accomplish such 
work with tlie \e1iicle. W'ith the '-aria- 
tions .a\ailabic in boosters and in pos- 
sible propellant combinations for the 
X-l s. the company's proposal for Dyna- 
Soar probabh' is based on the X-! 5 it- 
self or an extension of it. 

I'lyiiig the X-l s for US.\r's .Air 
Force Flight Test Center at F.dwards 
.\I'B will be Capt. I\cn Kinchloc, wlio 
participated in the X-2 program, and 
Capt. Robert AT’hitc and Capt. Robert 
Rusliuortli. 

I’irst NACA pilot in the program is 
Joseph Walker, with N'cil .Armstrong 
as backup. Jack McKai' also will par- 
ticipate. -All are research pilots at I^igh 
Speed [''light Station at Eduards, which 
is the prime N’.AC.A group working on 
the program. 

Different Procedure 

With the X-l s, a different procedure 
uill be folloned than has been custom- 
arv on rocket research planes. 

Since all three X-l 5s will he identical 
and will follow each other into senicc 
rclatisely closely, all three "ill be used 
siinultancuiislv. Two and even three 
flights a dm niiglit be accomplished, 
using all three \chiclcs. or day-after-day 
flights might be made, using the 
I chicles in sequence. 

In addition, both USAF' and NACA 
pilots will participate in the day-to-day 
flight imcstigations. It is now planned 
that while North .American does first 
flight and required contractor dcnuin- 
strations, Kinchloc or other US-AF pilots 
will explore the airplane's maximum 
speed and altitude cmelope. 

Mother ship uill be under USAF 
siipenision and use an .AF'l'TC pilot, 
prohabK Capt. folin Gaul. Stanley 
Butchar't. NAC.A research pilot who has 
legularly floun the mother ship in re- 
cent work with the X-IB and X-IE, 
]5rnbablv will ride the B-52 also- 

T'hc X-IB and X-IK, r.iriations of 
the basic X-i cxmfigiirafion. have been 
used extcnsiiely to imestigate jet re- 
action controls and other X-l 5 design 
jsioblcins. Controls are attached to the 
X-IB. with roll jets on wingtips. pitch 
and vaw jets located in the cmpcmige 

N.AC.A pilots on the X-l 5 program 
will work on complete imestigations. 
gathering the thousands of data points 
required for upaiming sjkicc vehicles 
and weapon si stcms such as Dyna-Soar. 

[■'light test work «511 Ire accomplished 
at Edwards .AF'B. on a range specially 
laid out for this tipc work. Since the 
X-l 5 has a nominal distance-covering 
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MORE POWER— Less Weight 
with the New 

CHERRY G-85 Lockbolt Gun 


ability of -f50 mi., upper end of the 
range where the X-l 5 u ill be released 
is at Wendoicr. Utah. It terminates 
at Eduards, where X-l 5 will make its 
landings on Rogers Dry Lake. 

Range instrumentation differing 
from that of comentiona! facilities and 
specifically engineered to this new type 
of mission is located at Wendoitr, lid- 
wards and at intermediate points in Elv 
and Beatty. Nc\. Range course is such 
that flights will be over spatsclv popu- 
lated desert areas. 

I- irst flights, with the X-l 5 c.irricd 
aloft just to check handling and other 
aspects of mother ship operations, 
piobably will take place late this sum- 
mer, followed later by unpoucted glide 
flights in which the X-l 5 is dropped 
to sample its low speed and landing 
characteristics. First powered flights 
arc expected early in 1959. 

With the X-l 5, research flights will 
be in the nature of iiUTemental ad- 
\ances in whateict imestigations arc 
being conducted. Believing stcaelv but 
cautious adsanccs pas off in safety. 
fX-15s will cost seseral million dollars 
per cops, not counting the amount of 
research and deselopincnt that went 
into them) and yields better data as 
well. N.AC.A svants to adsance the pro- 
gram as fast as possible consistent with 
all other factors. 

And while X-l 5 inscstigations nun 
help such programs as the B-7(l and 
1-lOS to some degree. D>na-Soat prob- 
ably will be built on sound teclinic-.il 
data derised scry largclv from X15 
flight test work. 

With today's knowledge, seseral ap- 
pioaches are possible to flic manned, 
orbital, hypersonic glide boinber. 

.Although USAF specifications on 
sshich Dsna-Soar bids were submitted 
probably svere scry general, combining 
ail orbital bomber and hspcisoiiic 
boost-glide type sthiele would offer ses. 
tral adsantages, such as dual mission 
capability, flexibility. 

Some generjliaatioiis on problems in- 
solsed in Dyna-Soar ssould include; 

• Unless a highly accurate control ssv 
tem is desised, an orbiting bomber 
ssould base to be extremely closels pre- 
priigranimcd to follow a useful flight 
path. 

• Was to successfully dispatch Ihe 
sstapon from the bomber would base 
to be found. 

• Orbiting vehicle svould be extremelv 
sulnerable in a fixed path and an ade- 
quate defense system svould liasc to be 
deseloped. 

It is quite jwssiblc that the control 
and sulnerahility problems led to the 
dual role of orbital, hvpcrsonic glide 
sihiclc. For the glider, departing ftoin 
orbit essentially repluas ground launch, 
and greater flvxibilits is obtained in 
having orbit ssitli a global range i)!.- 
UUO naut. mi.) by pcTsoiiic glide bomber, 


The nesv Cherry G-85 lockbolt gun 

is designed to give you maximum 
pulling posver svith less weight. Its 
simplifi^ rugged construction as- 
sures low maintenance costs. The 
gun weighs only 10.6 pounds, which 
reduces operator fatigue. 

No special air supply is required 
ss'ith this lightweight gun, because 
it develops this high capacity at 
normal line pressure. 

As the leader in the field of special 
aircraft fasteners, Cherry Research 


and Development department has 
produced this new lightweight, 
high capacity gun to increase the 
efficiency of installing lockbolts.* 
The G-85 gun may be adapted for 
setting stainless steel, monel, alu- 
minum and carbon steel Cherry 
blind rivets. 

For information on the new 
Cherry G-85 gun write Townsend 
Compan.v, Cherry Rivet Division. 
Post Office Box 2157-N, Santa 
Ana, California. 


CHERRY RIVET DIVISION 

^ SANTA ANA, CALIFORNIA 

Townsend Company 

^ ESTABLISHED 1816 > NEW BRIGHTON. PaJ 
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LEONARD PNEUMATIC REGULATORS 
HAVE UNIQUE BALANCED 
METERING VALVES TO INSURE 
PRECISE OUTLET PRESSURES 


Your inquiry 

is invited regarding: 


CONSTANT FLOW VALVES 
CHECK VALVES 
FLOW I 


SHUTTLE VALVES 
REGULATORS 



Wallace O. Leonard, Inc. 

373 South Fair Oaks Avenue 
Pasadena, California 


Telephone SYcamore 2-7131 
TWX-PasaCal 7231 





SHUR-LOK CORPORATION 

879 S. East Street -rneheim 2. Colifornia 
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ACCURATE ROLLING 
SAVES MACHINING 
REDUCES SCRAP LOSS 

ASSURES HIGH QUALITY 


Cost reduction, achieved through the use of Edge- 
water steel rings, is due to savings in machining 
time and reduced scrap loss. Edgewater rolled rings 
are formed to tolerances so close that a minimum 
of machining is required. Weldless rings are rolled 
from solid steel blocks by a process which produces 
a wide variety of cross-section shapes. Diameters 
are from 5 to 145 inches. 



WRITE for bulletin 
describing 
Edgewater Rings. 


Edgewater Steel Company 

P.O. Box 478 • Pittsburgh 30, Penna. 



is insuliitian, >ind under this, the pti- 
iiiiirv load cirrying structure whicli 
could be made of today’s standard nia- 
teriiils of liglit ueiglit- 

Additional nork has been done in 
heat resistant outer structures to allow 
for tltcrma! shock and expiinsion. 

Considerahlc research into possible 
aerodviiamic configurations lias Seen ac- 
coniplislicd hi N'.\C.\ and the results 
widely disscniinated. 

Consideration of purely aerodynamic 
factors in configurations is necessarily 
limited due to structural requirements 
to beat the lie-at and pro|)ulsion require- 
ments. Even if the last stage of the 
primarv pro|)ulsion .svstem is not a p.rrt 
of the' glider, tlie vehicle still will re- 
C|uite ptopolsion for orhit departure and 
attitude control at re-cntiy. 

Boosters for liypcisonic glider pre- 
sent enougli problems in thcmschcs, 
Imt when leliifle and attendant pay- 
loads tor \\ca|)oii delivery also are to 
he placed into orbit, increase occurs. 

One area in propulsion vvliidi vsill re- 
quire the most effort will he rcdefiiii- 
rion of term ■‘reliability.'’ to insure that 
when it is used it has cnniimai mc-aning 
to all concerned with the projects. 
What constitutes reliabilitv for lullistic 
missiles docs not nea’ssarily Isear much 
relation to the meaning of the word in 
connection with maimed system. 

.Mthongh large liquid ptO[X'llaiit 
rocket booster engines usnalb ace 
thought of for such systems, solid jito- 
pellant engines also arc to lx con- 
sidered. However, state of development 
m liquid tockets. with the ability to 
throttle and gimbal, will continue to 
weigh htsivilv for tliesc tvpcs for this 
mission. 

.find although present propellant 
combinations pose Itandling problems, 
storable propellants ate coming along 
which promise six'cific impulses more 
than adequate for the mission, .finothcr 
aspect of this is that in seeking much 
higher specific impulses, the penalties 
of certain exotic projielliiuls may well 
he worth the extra effort their handling 

,fi proposal for a first stage booster 
has been made by General Etectrie Co. 
which is built around high thrust. 
Mach 4 turbojet engines in clusters, to 
form a verv controllable, recoverable 
and reusable initial stage. ’Ibis svsiem 
would lioosf the weapon svsiem to more 
than 50,000 ft. and Macli -1 before fir- 
ing of first rocket stage. If successfu!. 
ii would reduce need for large, heavv’ 
initial rocket engine boosters. 

.fi wide varictv of wtapoiis will he 
available for use with livpcrsouic glide 
bombers. -Missiles, botli guided and 
iinguidcd and ordinarv trajectory bombs 
could Ixconie a part of the weapon 
svstem. all witli higli vicld tliennonu- 
clear watlioads. * 
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check these 
outstanding 
features 


Tope Recorder fits standard 3-ineh 
panel height oircraft console opening 
Tope Recorder, with Coriridge, weighs only SVi lbs. 

1-hour of voice/communicalions recording per Tope Cartridge 
Change Tope Cartridges in less than 10 seconds 
Portable, desk-lop Tope Reproducer 


Now operational in high-performance jet aircraft 
like Grumman F9F-SP Cougars and Chance Vought FSU-lP 
Crusaders, Seeburg’s Type 2310 Tape Recording System 
is the first real answer to "on the spot” voice and communications 
recording anywhere manned aircraft can fly! 


DATA RKEIVINO 

AND HANDIINC SYSTEMS 


Interconnected with the aircraft's communication system, and powered 
by ship’s supply, the Tape Recorder of the 2310 System provides a 
means of recording both sides of all radio communications— as well as 
instructions and other data which are not to be transmitted on the 
air, but which the pilot wishes to record. The recordings are played back 
later at a ground location, thus giving an immediate, complete and 
accurate record of important data, vital Information and pilot report. 

The Tyjje 2310 Tape Recording System is another Seeburg "first ” — 
an outstanding accomplishment in the development of a specialized 
communications system with broad application in aircraft 
operations. The next time— for the answers to your problems— 
why not see Seeburg first! 

An Efeclrooic Facility with a 55 Year Background of Ouob’ly 


Roder A(s«mblies • Audio Amplifie 
Airborne & Shipboord Novlgotion Eq 

Fertile Core Memory Sloroge Sy«lem 
Airborne Rodor Arttennoe • Gui 



R S D ond Production Aecomplishmen 




Eimac Ceramic Tetrodes are tlie Best 
Approach to the Advantages of SSB 


distorfion from this ^$ource^ The 4CX250B, 4CX300A, 
ond 4CX1000A shown above ore especially well-suited 
for airborne use in Class AB, operation. The 4CX5000A 
is ideal for high power ground stotion use, These tubes 
offer the high power gain, low distortion, and stability 
needed for Class AB, operation. And, each has perform- 
once-proved reserve ability to handle the high peck 
powers encountered. 

Eimoc ceramic design gives these tubes the com- 
pactness, ruggedness, and high reliability demanded in 
exacting aeronautical applications. 


EITEL-McCULLOUGH, INC. 

^i*KM wit/i ceramic tubes that can take it 


NAVY-MARTIN Vanguard vehicle prepored for lounch at Air Force Missile Test Center, Cope Canaveral, Flo. 


CLASS AB, SSB DPERATION 
4CX250B 4CX300A 

Plate voltage 2000 v 2S00 v 

Driving Power 0 w 0 w 

Peak Envelope Power 32S w 400 w 


4CX1000A 


1680 w 


4CX5000A 
7500 V 


11, OK) w 


Satellites 
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SPACE AGE ALCHEMY 


New materials, capable of withstanding 
extremely high temperatures and encom- 
passing properties that meet specific 
requirements are now being created at 
Servomechanisms’ Research Laboratory. 
SMI's research has been inthe field of solid 
state physics, wherein the study of basic 
atomic and molecular properties of matter 
has resulted in materials that can actually 
be designed to accomplish specific tasks. 
The challenging space age will depend 
heavily upon such techniques. 

Major scientific break-throughs in the 
'State of the Art" have already resulted in 
new materials capable of operating at 
500°C and new Investigations indicate that 
this upper limit may be extended to IOOO°C. 

The above illustration pictures an experi- 
mental hot press, developed by SMI, for 


basic Investigations into these new mater- 
ials. The press subjects various compounds 
to 3,600»C and 6,000 PSI in a vacuum 
or inert gas. 

These new advances are providing posi- 
tive support to the ever-increasing require- 
ments of the Department of Defense. The 
expanding Research Laboratory facilities 
are ready to assist you in your advanced 
scientific programs. 




PITCH and ]aiv mic is unlocked on vcliicle tliat put fiist Vanguard sitellitc into orbit. S]>ace vehicles «ill use Vanguard engines. 


Vanguard Components to Get Wide Use 



By Evert Clark 

The Vanguard satellite vehicle, developed with a low priority on a small 
budget and often plagued bv Congressional criticism, already has contributed 
far more to the nation’s space prr^rams than originally intended. 

••Ml tlirce serrices liase plans to use 
com])onents of the launching \ chiclc in 
otliet spacecr.ift, and the schicIc can 
put more than 70 pounds into orbit as 

In addition to the contributions that 
various stages will make, the schicle 
itself also ma\ hare direct militat' 
applications. Dr. John I’, llagcn, direc- 
tor of the Vanguard project at the 
Nasal Research Lalsoraton, has pointed 
out that "there ate certain things still 
aljoiit this veliicle tliat we hold in a 
classified category." 

X'angiuird's sccmid-slage Aerojet en- 
gine already has been fired atop an Air 
Foret Thor intermediate range ballistic 
missile Imoster to test re-entrs', sqjani- 
tion from tlic Thor booster, in-flight 
ignition and physiological effects on the 
nose cone’s passenger, a mouse. 

Navy Follow-Up Program 

N'a\y has proposed a follow-up satel- 
lite program using the Amty’s Jupiter 
IRBaI, topped by the upper two stages 
of Vauguard. 

Air I'orce’s Project Able and Project 
Bra\o, test shots leading to launching 
of lunar probes, will continue to use 


of satellites with payloads of 50 to 
500 Ih. Miis may lx: the lupitcr-Vau- 
guard rcliicle proposal or a separate 
program. 

I'.rcii uithoiit these follow-on pro- 
grams. ^'auguatd sindicated itself la.st 
March 17 bv putting a C.-t-iu.. 3.23-lb. 
satellite into an orbit wifb a 2.513 mi. 
apogee and 407 mi. perigee, and also 
orbiting the solid propellant third-stage 
Grand Central Rocket Co. engine, 
uhicli sveiglied mote than 30 Ib. 

Dr. llagcn said the third-stage engine 
also can be orbited along with tlic 
heavier 20-in., 21.5-lb. scientific satel- 
lites assigned to the \'ungnard program. 

’Ilie Grand Central engine has a 
high specific im|)ulsc and delivers about 
2,350 lb. thrust. Allegeny Ballistic Lab- 
oratory. Navy-owned and contractor- 
operated by Hercules Powder Co., still 
is working as an alternate source for a 
third-stage solid propellant engine 
which may be even more powerful. 

Finally, although Vanguard is a tri- 
scrvicc project supporting the U. S. part 


of the International Geophysical Year 
program, work on the vehicle has been 
contracted, supervised and coordinated 
l)v Navy, and \'anguatd might well 
plav a part as a test vehicle in the 
early steps nf a Navy itvaimed space 
fliglit program. 

Rear Adm. J, '1'. Hayward. .Assistant 
Chief of Naval Operations for Researcli 
and Devclopiuent, lias said that Navv’s 
‘'definite” plans for future space efforts 
include putting man into space, and 
Bureau of .\eronautics has studied the 
use of a liypersonie glider aircraft that 
wouh! be aisle to operate from a sub- 
marine. 

Earlier Space Efforts 

Vanguard is by no means the Navv’s 
first effort in the sp.tcc field. It began 
|xirtieipatiivg in research and develop- 
ment studies directlv related to space 
travel 16 years ago.' in 1942. These 
initial studies established the fcasibilitv 
of creating a luan-made earth satellite 
program. 

In 1943 the Navy proposed that a 
satellite project be initiated. The 
launching vehicle would have been 
composed of clustered rocket stages. 
The Committee on Guided Missiles 
of the Defense Department’s old Re- 
search and Development Board rejected 
the proposal. 

In June 1934, the Office of Naval 
Research and tlie .Arim’s Redstone 


AVIATION WEEK, June 16, 1958 


131 






IN 

THE 

COURSE 

OF 

EVENTS 


• tegulstlng Inlet pressure 200-5000 p.s.i. 

• outlet pressure lOO-SOOp.s.K 

• flow rates 0-50 Ibs./min. 

• extremely close regulation and lock up range 

• integral lull flow relief valve 

• individual or automatic adjustments 

• extremely stable for fast response 

• may be used in an atmosphere of inhibited red fuming 
nitric acid 

• no ieakage 

• wide range of fluids and gases 


• SATELLITES 


Ar.'.t'uul pr(i|)OM'tl tlic usu of u Redstone 
Iwllistic missile to|)pcd by tlirec clust- 
ered stuges Ilf Ltiki rockets to |)iit n 
seties or small satellites into orbit. 
I'irst mas to lie a i lb. splictc in a 200- 
iiii. orbit, iuid later piivloads were to 
lx.- 10 lb. 

Known as Project Orbiter, this sug- 
gestion was ini|3lcmcntcd and some 
components were dciclo|)ed, but the 
\'iingiuird progr.ini was to supersede it. 

When the llnitcd States decided to 
follow the international ICY com- 
mittee's recoinmendatinn that "thmight 
be given to the launching of small .satel- 
lite vcliieles. to their scientific instru- 
mentation and to the new- problems 
associated witli satellite evperiments." 
a committee of the National .\cadenii 
of Sciences and the National Science 
I'oundation studied feasibility of such 
a project and recommended to the 
White ITinisc that it be undertaken. 

On July 29, 1955 the ^\'hite House 
announced that the U-S. would at- 
tcni|5t to launch a satellite during fhe 
IGY (July 1. 1957 to Dec. si. 19=181 
and said Defense Department would 
implement the construction and 
humcliing of the satellite-carrying 
rocket. One .specification was that it 
be divorced from hallisfic missile pro- 

A Defense Department Committee 
nn Special Capabilities studied the pro- 
posals of each service and decided, ac- 
cording to Dr. Hagen, that the prn- 
|)osal made b\’ the Nasv stood the best 
chance of '“giving scientists the kind 
of leliicle tlicv needed to do their 
scientific work.*' 

Tlic choice of \'angnard over orbiter 
was based priniarilv on pavload, a criti- 
cal factor if the program was to be 
scicnfificullv useful. 

Viking Was Forerunner 

Under the leadership of the Office 
of Naval Research, Nas'al Rcscarcli 
l.aboratory was selected to implement 
tire Navy’s part of the program, Irccansc 
of its esperiente in rocketrv and n)jper 
.itiniisphere research with the ca|5turcd 
Cerm.m \'-2s, the Aeroiet .\crobee 
sounding rockets mid tlic liiglilv sne- 
ctssfiil \lartin \'iking program under 
NRI.’s Milt Rosen. 

Viking, taking of from the \’-2 de- 
sign. and |)owcred bv a Reaction 
Motors. Inc. engine, pioneered integral 
tankrigc and Ictl to the .swivelled en- 
gines and jet roll control of the \'an- 
guard. It provided a 14vin, long pay- 
load section carrving sOi) to 2,000 lb. 
and its O.Sfl mass ratio allowed it to 
set a nimihct of altitude records. In 
12 firings. \'ikings exceeded a IsO-mi. 
altitude five times and went beli.w v2 

The program tan frimi .Mav. 1949 
to I'ch. 19,si and included 41 experi- 



TiwuiTlut^ 


FIX SAVES THREE 
DAY DELAY 


While an F4D Navy Fighter was in 
its final position on the assembly 
line at Douglas Aircraft Company’s 
Torrance location not long ago, a 
nutplale was inadvertently knocked 
out in the fuel pump access door 
structure. 



1 

NUT PLATE 1 

NSTAUATION 


Two men working three days would 
have been required to install another 
nulplate in this closed-out structure 
area since access could only be 

fuel cell and adjacent plumbing. 


n urgent phone < 


Com 


nought 


Hi-Shea 


y sales 


_ r Unit and 

installation Cun to the scene. After 
the Douglas crew slightly enlarged 
the dimpled bole, the Hi-Shcar man 
adjusted the Power Unit and Gun 



,J| //■rAfOy' RIVET TOOL COMPANY 
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SPACE FLIGHT and NUCLEAR PROPULSION 


A drastic reduction in vehicle mass ratios . . . substan- 
tially increased specific impulse values., .a capability 
for achieving very high speeds, , .these are some of 
the significant advantages that will come from the 
application of nuclear energy to space flight. 

A number of different propulsion systems have been 
proposed to utilize nuclear reactions. The simplest 
system consists of a fission reactor through which the 
propellant is passed, heated, and then expanded 
through a rocket nozzle. Fission reactors can also be 
employed as a source of energy to generate electric 
power, which in turn can be used to accelerate ions 
or charged panicles, or to create and accelerate a 
plasma. And fusion reactors, when developed, can be 
used to generate electric power for the same purposes. 
In addition, in the case of the fusion reactor, there is 
the attractive possibility that the reaction energy can 
be used directly without conversion to electric power. 

The fission-powered thermal propulsion system will 
probably constitute one of the next major advances in 
space technology. As an example of the gain which 
can be achieved, consider a vehicle with a payload 
weight of about 2S tons for a manned flight to one of 
the nearer planets, landing, and returning. Powered 


by chemical rocket engines, the takeoff weight for such 
a vehicle would be 50,000 tons. But powered by a 
fission-thermal propulsion system, weight at launch 
would not exceed 500 tons, .,a 100-fold reduction in 
ihe mass ratio. Considerably greater gains are pre- 
dicted for the more advanced systems, 

Systems studies and advanced research in the appli- 
cation of nuclear energy to the requirements of space 
flight arc in progress at Space Technology Laboratories, 
This work illustrates the emphasis at STL on the 
exploration and development of new concepts and 
techniques in ballistic missile and space technology. 

Both in support of its over-all systems engineering 
responsibility for the Air Force Ballistic Missile Pro- 
gram, and in anticipation of future system require- 
ments. STL is engaged in a wide variety of analytical 
and experimental research. Projects are in progress 
in electronics, aerodynamics, hypcrsonics, propulsion 
and structures. 

The scope oj acliviry oi Space Technology Labora- 
tories requires a slaB of unusual ledwicnl breadth 
and competence. Inquiries regarding professional 
opporiunilies on the STL Technical Staff are invited. 


Space Technouggy Laboratories 


A Division of The Ramo-Wooidridge Corporation 
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HIGH POWER RF SWITCH, TYPE 1696 will switch a transmiller 
from one antenna to another at high power levels without mis- 
matching Ihe transmitter for safe switching under power. This 
unit is also applicable for ground use. frequency range: 215 
to 250 Mc/s (other ranges on special order); attenuation; 
0.25 db, maximum; power raTINC: 100 wails R.F. C.W.; 
VSWR: 1,2 maximum; switching time: .15 sec. average; 
size; approximately 2'/i inch diameter by 4V5 inch long; weight: 
2 lbs,; ACTUATING power: 6 watts D.C.; cross talk; 27 dbdown 
into unused channel; sequence: Make-beforc-break. 

ANTENNAS, tailored to specific missile requirements. 


ENViaONMENTAl SPECIFICATIONS FOR HlOH POWEE RF 
SWITCH. ANTENNAS. DIPIEXER ANB VSWR MONITOR 



• SATELLITES 

ments in cosmic and solar radiation, 
temperature, pressure, ionospheric com- 
position. photography, etc. 

Viking also bcciiiic the workhorse 
sehiclc for the first two N'anguard tests 
after NRL chose Martin Co. as Van- 
guard's prime contractor. 

On Dec. 8. 1956. TV-0— also called 
Viking 15-was fired from the Air 
Foicc's Missile Test Center to check 
out launching facilities at Cape Ca- 
naiCTu] and the facilities of tlie 5,000 

""bn'NIav 1, 1957, TV-1 or Viking 
1-t was used to Bight-test the Grand 
Central third-stage engine. Its imex- 
peetedly high first-shot petfomiancc 
led to the use of the smaller satellite 
which became the first actually to go 

■'Tiie flight of the vehicle testing the 
third-stage engine was so successful 
that wc were able to change the nature 
of the remaining test vcliicle program," 
Dr. llagcii said. "In place of heavy 
nnse cones filled with measuring in- 

sphere." 

hollowing the usual dcselopment 
]jrohleins with the General Klcctric 
Co.’s first stage engine, the second 
stage engine and the vehicle itself. 
lV-2 was launched on Oct. 25, 195T. 
19 davs after the Sosiet Union orbited 
a 18-1,5 lb. satellite. This schiclc con- 
tained the GE engine and dummy 
upper stages, but matched Vanguard's 
external configuration. Tlie flight «as 
successful, and X'anguard was batting 
three for three. Shortly aftenvard Van- 
guard finallv was assigned top national 
priority. 

On Dec. 6 of last year, TV-5-carn- 
ing a 5.25-lb. 6.-l-in. sphere, rose onK 
four feet from the launcliing pad be- 
fore failure of the pressurization system 
ill tlie first stage caused it to fall back- 
ward and explode on tlic stand. Criti- 
cism of tlie U. S. satellite program, al- 
re.idv high since Sputniks I and II. 
explodc-d along with it. 

'l’V-5 backup, the second vehicle to 
contain all three stages and a small 
satellite, w-.is launched on Feb. 5 of 
this year- .After 57 seconds the first 
stage engine control sistem began to 
fail and at 00 seconds of flight the en- 
gine deflected far to the riglit. Stress 
caused the rocket to break and the range 
safety officer blew it up. 

1958 Beta Orbits 

The successful orbiting of 1938 Bela 
by T\'-4 last Mat, 17 has been followed 
by uiisiicassfiil attempts to orbit 
larger satellites with T\'-5 last Apt. 28 
and the first Satellite Launcliing Vehi- 
cle (SLV-i) on May 26. Tlicre ate five 
more SLVs in the original program. 

Although the Vanguard program has 
launched a small satellite, it has not yet 


DIPLEXER CAVITY, TYPE 1231 
Two Diplexer Cavities and circuitry 
comprise DIPLEXER which feeds sig- 
nals from 2 - 100 watt iransmitlers 
into a single missile aoteona system. 
Frequency Ranges: 215 to 250 Mc/s, 
other ranges on request; Frequency 
Spacing: 3 Me min.; Size and Wl.; 
each cavity approx, 3" diam. x 4" 
long. TRIPLEXER with characteristics 
similar to Type 1231 can be supplied. 



(nominal) from 500 ohms. Frequency 
Range: 100 to 400 Mc/s. Factory 
calibrated at desired frequency. 




HYCON EASTERN, INC. 
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Tiilfillul i(s mission of placing a scien- 
tific vildlitc. in otijit. dcterniining tlic 
•rbil and obtaining useful informiition 
fioni the satellite. 

.\ftcr the small btil) orbited, NRL 
said there \sas "some povsibilits but 
lew probabilits of achiesing four stitel- 
hfes hi the se\en tries" that then re- 
mained. "but intuithe opinion based 
on general rocket e\|3eiiciice suggests 
lli.it the most probable immber nia\ be 
'omctliing like two." \\ iih fisc thanecs 
left, one successful orbit mm' seems 
tiiore likelv. 

Ihe small l^sS Beta was the first 
Mtellite equipped with solar halteric.s— 
■IX of them, provided hv .krnn's Signal 
1 iiginetTing Laboratories and mounted 
■ m the siirl.ice. It also contained two 
Minitrack transmitters, on lOS and 
IDS. in megacseles. and six antennas. 

One transmitter is powered bv bat- 
teries. the other bs' solar cells. One has 
iis asstal attached to the shell, the 
other to the inner structure, so abso- 
lute teiuperatiire changes can be re- 
corded. These readings are prouding 
design inforination for future satellites. 

The larger satellites art. with one e.x- 
ceptinn. 20-in. magnesium alhis spheres, 
coated with gold, chromimn. silicon 
monoxide, almiiiiunn and more silicon 
iiiimoxide. Thev airty 10.75 lb. of in- 
struments. of which iibuiit b lb. are 
chemical batteries. 


The exception is a 15-in. diameter 

magnetic fiedd. It also ssill carrs a 5D-in. 
inflatable ahimimim sphere designed by 
National .\dsisorv Committee for 

Altliimgh the .sliifting of .some instni- 
nient.s to lixphirct satellites, and \’an- 
guard sehicle failures, eontiime to alter 
the program, experiments planned were 

pcct. erosion, micrometcsir imp.ict se- 
locitx and frcqnencs, iiltraMolet and 
cosmic ras intensits, geograplneiil dis- 
tribution of the cnergi recciscil bs and 
nuliatccl from tlie c-arth and clinid pat- 
terns oser the earth. 

Tlie Vaiiguarcl sehicle weighs 22,000 
ib. and is 72 ft. long, l irst stage is 44 
ft., the second 51 ft, and the tliircl 7 
ft. 

I iist stage uses hi\ and kerosene to 
produce 27.000 lb. tliriist: the second, 
white fuming nitric acid imd tmssm- 
metrical diemthyl hsdra/.ine and tlic 
third an unspecified solid fuel. Thrust 
is 2.550. 

I 'irst stage burnout comes at 142 sec. 
and 55 mi. altitude, second at 25S sec- 
onds and 122 mi. altitude, and third -at 
5S5 sec. .mel u|)ogce .iltitude. usualb 
programmed at about 201 mi. 

Guidance consists of a pitch pro- 
graimircr. coasting time computet ssitli 
integrating linear acceloineter, Miiine- 


spolis-tloncywcl! three-axis gyro icfet- 
eiiee ssstcni. magnetic .implifier auto- 
pilot and program timer. 

f irst stage is separated by six ex- 
phisise bulls- Second is separated bv 
rttro rockets after a rocket-powered 
turntable spins up the third stage. ,\ 
dehn fuse ignites the third stage- Nose 
cone se|wr,ition is aehicxcd by one es- 
plusise holt wliicli releases a spring, 
splitting the nose cone in two parts. 

Reparation of tlic satellite from the 
third stage is accoiiiplislicd bv a timer- 
..ctiiatcd spring. 

Rmighb spc-akiiig. a 1-dcgrec differ- 
ence m angle of iiitcction cun thitiigc 
tlie apogee and perigee bv about 75 mi. 
If tile , ingle remains constant but \c- 
locits Mirics from tliat planned, the 
apogee and perigee svill saty by 100 mi. 
for esety 100 mph. difference. 

Tracking System, Cost 

N'.uigiiard is tracked by tlic Mini- 
track r.idio phase comparison, aiigle- 
tiacking srsteni from a fence of sesen 
.stations roughly along the 75th merid- 
i.m. The'se are supplemented by stations 
at C.ipe Canineral, on the island of 
-\iitigua, and two minor stations on 
Mjsagnana and Grand 'lurk Islands 
along tlie .M'M TC range; and stations 
at Naval Hlectronics Laboratots, San 
Diego; Wooincra, .\iistralia and Oli- 
fantsfontcin. South ,\fricii. 

Optical tracking is done by a net- 
work that cventuafb- will base 12 prime 
stations and 200 secondary statioiis- 
T lies arc imdCT the direction of the 
Smithsonian .kstrophysical Obsenatory. 

Cost of \’itngiiard-Sll0 million— has 
been financed in tlris way; 

• National Science Foundation— S1S.4 
nbllion. of which SI 5.4 was made asail- 
-iisle to NRL. 

• Defense Department emergency fmul, 

fiscal 1956— S15. 5 million- 

• l>oD emergency fund, I'iscul 1957- 
S'O.S million. 

• Classified non-defense source— S2-5 

• Office of the Secretary of Defense 
eontingciicy fund— S5.2 million. 

• Military appropriations (estimated)— 

• T ransfers from various N'asy appropri- 
..tiims, approved by Congress-S54.2 

Considering that this money has 
financed development of a rocket \clii- 
iw that is capairle of continuing scien- 
tific and inilitatv satellite experiments 
fttr the IGV ends, that li;is contrib- 
uted useful cuiimoncnts to otber space 
programs, and that inav base militarv 
,'ppTication itself, this may well be w li.it 
C..ipt. B- Metsger, Depub Chief of 
N.is.il Research, ciilled it-"the qiiieUst 
.iikI eliciqx'st rocket project that li.is 
e'ct been seen ... a lurguin-ba.semeiit 
job.” ■ 



TURBINES 


Macliineil turbine wheels, 
impellers anil inilucers. 
Cnmplete 
2 dimensional 
and 3 dimensional 


equipment 

STantey 7-0374 
EMpire 9-5237 


11035 Sutter Ave. 
• Pacoima, Calif. 
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Army Gaining Vital Space Assignments 


On Ian. 31. 1958, the Army Ballistic Missile Agency put the first United 
States satellite into orbit and thereby filed its claim to space research and 
development. Since then. iMlMA has been given important assignments 
in the nation’s space piogiani such as: 

• Mar. 5, ,\gciiev lauiidicd Explorer II. 


Mechanical failure in ignition system 
of last stage rocket prevented satellite 
from going irrto (irljit after good initial 
trajccton'. 

• Mar. 26, A15MA launched Explorer 
III, suca-xsfully placing third U.S. satel- 
lite in orbit (Vanguard went into orbit 
Match 17). 

• Mar. 27, Aehaiiccd Research Projects 
Agency authorized -ABMA "to undet- 
t.ike one. and possibly bvo, lunar 
probes" and "to launch two. and 
)) 0 ssiblr- tlirce, Ciirtli .satellites." Satel- 
lites will lie contimiation of ICx|)lorcr 
program witli some modifications in 
both the satellites and in the carrier 

• May 2, .Army awarded 52.850,000 
contract to California Iii.stitute of Tcch- 
iKiliigy for research on moon project. 
lU-ar ,\dinira! John E. Clark, deputy 
diicctor of ,\RP.\. said he ho))cd to sec 
satellite orbiting the moon before end 
of 195S, 

Satellite will be carried by Juno mis- 
sile, prolxibiy a cemibination of .ABM.A's 
Jupiter and components of the Van- 
guard. or other missiles. 

Project Orbiter 

The .Army .ictuallv began its prepara- 
tinns for the s|5iite age long before tlio 
first Explorer took tn the air. It was 
during the first part of 1954 that the 
initial plan began to take sliapc. 

Soon after the Redstone hud proien 
itself in fiiglit tests. Dr. M ember von 
Braim. now director of ABM.k's Devel- 
opment Operations Disision, started 
toying with the idea of using the 200- 
mi. ballistic missile as the first stage of 


a satellite carrying rocket. On top of 
the Redstone, according to son Braun, 
could he placed a rotating, cslindrical 
launclter, containing tlirec clusters of 
small, solid propellant Loki rockets. 

Tlic Lokis, tlicn under development, 
were desired because of their short hiim- 
iiig time, about 0.8 sec, Tlic plan was 
tor the Redstone to start the vehicle on 
its trajectory, .After two minutes, the 
Redstone engine would he cut off as the 
propellant tanks started to go dry, A 
tew seconds later, tlie Redstone would 
be separated, and the last three stages 
|)lus tlie satellite would continue to 
coast upward. 

Aligned by Air Jet 

Just before the final stages readied 
the apex of tlicir trajectorv, compressed 
air jets would align tlie \cliide liori- 
zontiiHy. -At apex, about 200 mi. up, 
the spiii-stiibilizcd dusters of Lokis 
would be fired, in order, to bring the 
sehicle from a S|xed of around 6,000 
mph. to orbital velocity of 18.000 mph. 
.At thi.s point, the vehicle has no gvtid- 
ance, and it was believed tliat the in- 
cremental velocity would have to he 
produced almost instiuitaneouslv for the 
satellite to go into a drciilat orbit. 

This vv-ds the reason von Braun 
wanted the Lokis vvitli their very short 
burning times. Further anaivsis, how- 
ever, showed that tlie firing time w-.isiTt 
as critical a factor as first believed. So 
when the larger, more powerful Ser- 
gCdiit rocket engine came along, it was 
used in place of the Loki. .Adoption of 
the Sergeant sienificantiv reduced tlie 
iiuinhcr of solid propellimt rockets 
needed. This, in turn, meant an easier 


engineering job and increased teliabil- 
itv, i.c, fewer chances for failure in 
flight. 

A\'hilc the idea was still in tlie plan- 
ning stage, von Braun was introduced to 
Gmdr. George Hoover of the Office of 
Naval Research. ONR wanted tn in- 
itiate a satellite projects based on exist- 
ing hardware. It liked von Braun's ideas 
and offered to ]3iit up the necessary 
money. Maj. Gen. H. N. Toftoy. at 
that time commanding general of Red- 



SPIN "bucket" and first-stage nose for Ex- 
plorer vehicle at Reynolds Metals plant. 
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This is the Honeywell 7000 
digital data recorder-transcriher 

liandlins up lo 100 channelsof analog data wilb conversion to digital form for 
data proc essing. 

The Honeywell 7000 is a complete multi-channel, high-speed system consisting 
of two main units— the recoixler and the transcriber. The first is iocated at or 
near the source of data and produces the first or intermediate tape. The tran- 
scriber is generally located at the computer and jsroduces the final tai'w* in the 
desired computer format- 

The Honeywell 7000 is basically designed to perform these functions; 



The Honeywell 7000 is capable of a scanning rate of 10,000 samples per second. 
Variations of the basic system are available to adapt the system to meet differ- 
ing application conditions. 

Write for information on the Honeywell 7000 digital data recorder-transcriber 
. . . and application engineering assistance. Minneapolis-Honeywell, 10721 
Hanna Street, Beltsville, Maryland. 

Honeywell 

wo 
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means 

RELIABILITY 

The tools we design and produce 
ore used by companies that 
iorge, cast, roll, machine and 
grind air foils in all configura- 
tions. Your inquiry is invited . . . 
our field engineers are ot your 
service, 

rHER'l tLEC TRIC MtTEHS Co.. InC 

MAfN OFFICE « FACTOEY 

Itka{;a.NewYork 

CALIFORNIA • FLORIDA • NEW YORK 


MAIN sbge of Jupitcr.G is lifted by gantry crane in preparatioa for launching. 


stone Arsenal and s’on Braun's boss, 
agreed to supply the required Redstone 
missiles and pennitted von Braun's 
group to work on the program. Thus 
Project Orbitcr came into being earlv 
in 1955. 

Split Decision 

Project Orlnter proved to lia\c a brief 
existence, at least officially. On July 29, 
1955, the White House .innonneed 
that the United States would attempt 
to launch an instrumented, artificial 
earth satellite during tlic international 
Gcopliysical Year, The services were 
asked to submit proposals on the proj- 

Army ptoixiscd Project Orljitcr; tlie 
N3 \t offered u'liat later was to become 
Project X'anguard. A top level coin- 
mittee, called the -Ad Hoc Committee 
on Special Capabilities, was constituted 
to judge tiie propo.snls. On ,Aiig. 4. 
1955, .Naw got the nod on a split de- 
cision because of its greater |>a\load 
capabilitv-anticipatccl at 40 lb, as 
against 10 for Orbitcr. 

Officially, the .Armv uas out of the 
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space and satellite business. But von 
Braun and other Redstone scientists 
continued to work on the project- They 
were joined in their unofficial effort hv 
Dr. William M- Pickering, director of 
the California Institute of Technology’s 
Jet Propulsion Laboratory. At the time, 
JPL was experimenting with a scaied- 
do«n version of the Sergeant missile, 
which Pickering recommended to von 
liraiin in place of the Lokis. 

Then, in October 1955, the Army 
icccivcd authorization for the develop- 
ment of the Jupiter IRBM. To carry 
out the program, tl;c .Armv would need, 
among other tilings, a rc-entrv test 
vehicle. This was tlic break von Braun 
and his group were waiting for. The 
modified Redstone which became the 
Jupiter C prt.sciited the Orbitcr satel- 
lite rocket capability and at the same 
time prov ided re-entry test vehicle. 

llie Defense IDcpartmcnt gave von 
Braun ptmiission to modifv 12 Rcd- 
sfoiics for re-entrv test purposes. At 
the time, the Redstone, designed to 
carry an extremely heavy warhead, was 
only a 157-mi. range missile. It con- 
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as 



Maine 


As contractors to the Department 
of Defense and Industry at large, 
Colonial Aircraft Corporation 
specializes in the design and the 
manufacture of aluminum alloy and 
magnesium structures to quality 
specifications. 



Write for brochure regarding 
a competitive bid on; 

• Airfrome modificotion ond repoir 

• AIrcroft ports design ond 
fobricotlon 

• Guided missile design ond 
components' development 

• Wllltory ond commerclel shelter 
development ond monufocture 


EXTERNAL TEMP. a«X£ 
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NOW ...Zero-Leak Rotary Actuator 


TORK-SEL 


TORK-SEL DIVISION 




5^^492 EAST UNION STREET, PASAOENA, CALIfORNtA I 


TORK-SEl, IS APPLICABLE TO ELEVATORS • RUDDERS ■ ELEVONS • FLAPS • STEERING • 

GIMBALS «VALVES • CANARDS AND. OTHER MISSILE AND AIRCRAFT APPLICATIONS 
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'litiitcd for the body unit and, want- 
ing only a small, model nose cone, the 
Army’s new re-entry test \ehicle was 
rc.idv to go. It was called the fupiter- 
C and with the .addition of a single 
Sergeant-satellite fourth stiige uas to be- 
come the Kxplotcr. 

On Sept. 20, 1956, the .\rniy sent its 
first Jiipitcr-C on .a 5,500-mile down- 
range trip from Cape Caiurcnil. Two 
more test flights followed in quick suc- 
cession, and then the rest of the Jupitcr- 
Cs were put in a warehouse to gather 
dust for the following 12 months. 

^^^lcn the first Russian satellite went 
into orbit on Oct. 4. 1957, Secretary 
of Defense-designate Neil II. McElroy 
happened to he \asiting Huntsville. He 
asked Maj. Gen. John B. Medaris. com- 
manding general of ,-\BMA (.Army Bal- 
listic Missile Agency liad been estab- 
lished at Redstone .Arsenal in February 
'956), and von Braun how soon they 
could hase their satellite ready for 
launching and was told within 90 clays 
Ilf authorisation. 

McFlrov returned to Washington. 
I’hc second Russian satellite went into 
orbit N'ovemiser 4. On Noscnihcr 8. 
McF.lrov sent word to Huntsville, au- 
thorizing ABM.A to prepare two back- 
up satellite vehicles for the Vanguard. 

There was little to do at llimtsville. 
The rockets were ready. The new liquid 
fuel. Il'dvne. had alrcadv been proven 
out in full scale engine tests. (Hydyne, 
a 60-40 mixture of unsvmmctrical di- 
methvi livdrjzinc and dicthvlene tria- 
mine, was actually developed by 
Rocketdvne in 1956 at the .Aniiy's re- 
quest for a fuel more powerful than the 
alcohol normally used in the Redstone. 
It boosts the rated thrust of the Red- 
stone engine from 75,000 lb. to 85,000 
lb.) 

Tlic big job during this period fell 
to Jet Propulsion Laboratory, whicli 
hud to make the actual satellite and the 
miniaturizuid transmitters. .Among the 
others that came into tlic project at this 
time were Dr. James Van Allen of the 
State University of Iowa who furnished 
the cosmic ray instrumentation and tlic 
,Air Force Cambridge Research Center 
which was helping with the inicro- 
mctcoritc impact experiment. AA'hen 
these tasks were completed, Explorer I 
was ready to go. 

ScCTCtary of Defense McF.lrov au- 
thorized tlic launcliing; and, on Jan, 
31, 1958. Explorer I took off into the 
night— 84 days after initial (and formal) 

,1 uthoriziition. 

On March 5, .ABM.A tried and failed 
to put Explorer II into orbit. 'lire 
.Agenev had better luck on March 26, 
placing Explorer III— an almost e.xact 
duplicate of Explorer H— in an ex- 
tremely elliptical but scientifically re- 
warding orbit. 

•All three Explorers w-cre equipped 



f WORDS ABOUT THE NEW 
CORNELIUS SERIES 309 COMPRESSOR 
. . and why if may onswer your requirements 


(^m£uu K 


The only 3,000 PSI compressor made 
that will deliver 10 SCFM in a 275"F 
ambient temperature enviroment 
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PIONEERING IS OUR BUSINESS 


CRYO0ENIC SYSTEMS 



Pioneer in ihc field of air-borne cryogenic s>-sccm5, Pionccr- 
Cemral offers a complete line of liquid gas cont-cners, 
valving, and capacitance gaging for artificial atmosphere 


ALTITUDE SURVIVAL SYSTEMS 


Finest in breathing regulators — from mask mounted 
through pressure suit and capsule controllers, global 
sunival kits and emergency equipment to support man 
in the high performance air vehicle. 


FUEL FLOW SYSTEMS 




Pioneer vane type fuel flow sj-stems, long the standard 
of the industry, have now been augmented by new, true 
mass flow systems of unexcelled accuracy and flexibility 
as required for jet aircraft and missile applications. 




MISSILE COMPONENTS 


tr 


Pioneer in the application of ultrasonics to the volume 
cleaning of parts and assemblies, Pioneer-Central is the 
first to offer a fully imegrated, cahineiized ts-pc of 
ultrasonic cleaning system. 



Pioneer- Central Division 



with a high and a low power ttansmitfer 
and instrumentation designed to meas- 
ure cosmic tav intciisitv. the effect of 
inicrometcoritcs, iiiiel internal and ex- 
ternal teinperatiires. Explorer I teie- 
inetercd thi.s information continuously 
oil both Iransmitters with the result 
tliat much of this infonnation was lost 
mer tlie sast expanses where no Mini- 
track receiving nets existed. To renitclv 
this a ininiaturc tape iccorder was de- 
signed to go with the high power trans- 
inittcrs in Explorers II and III. 'litis 
rccordct plays back data only upon 
radio command from the groiind. 

W'itli Explorer 111, the scientists also 
decided to eliminate the four whip an- 
tennas used on I and II. substituting a 
dipole antenna in which the satellite 
itself is the antenna. Observation of 
Explorer I showed that the whip an- 
tennas. circling the satellite like a turn- 
stile were imparting an undesirahle, 
propeller-like spin to the satellite. 

'Tlic nose cone temperature sensor 
used in Explorer I to measure aero- 
dvTiamic heating on ascent was left out 
of succeeding models. And one of the 
niicromcteorite impact instruments (the 
spring impiict microphone) in Exploier 
I was replaced bv an additional cosmic 
rav measuring device in Explorers II 
aiid III. 

While a complete evaluation of the 
data being futnislicd by the Army's 
.satellites will have to wait for a later 
diite, they have already provided enough 
significant information to convince 
scientists tliat thev' would be a bargain 
at twice the price. 

.Among other things, for instance. 
Explorer I has demonstrated that space 
IS iiabitabic (or man. at Ic-ast as far as 
temperatures are concerned. Inside the 
stainless steel satellite, temperatures 
ringed from 6C to vOC. Nor does 
micrometeoritc bombardment appear to 
[)Ose much of a hazard for future sp;icc 
flight. .According to data alteadv ana- 
lyzed, an area one square meter in size 
will encounter a particle four microns 
in diameter or larger once every 100 
see. and a particle 10 microns or larger 
once every 1,000 sec. 

Cosmic radiation is another story 
again and could ctcate a verv' serious 
pioblem for manned space Sight. -Vc- 
cc'tding to data telemetered from 
Geiger counters abairel Explorers I and 
III. it appears that a space traveler 
would be subjected to 0.06 roentgens 
per hour, one naif his weekly tolerancc. 
llic chitii indicate tliat tlic cosmic ray 
count reaches ^5.000 per second at alti- 
tudes above 1,000 mi. 

But adequate shielding, the scientists 
sav. can cut radiation below liunian 
toleration limits. I'evv scientists seem 
iticlined to stop tlieir newly begun as- 
vmlt on space simply because of radia- 
tion liazatds. ■ 
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satellite will be put into orbit by Atlas plus another stage, probably a solid-piopcllant engine. 


Test Firings For Pied Piper Due Soon 


First test firing in USAF’s greatly accelerated Pied Piper earth recon- 
naissance satellite piogram is expected sometime this fall, although launching 
of a complete satellite is considered to be more than two j'Cars away. 

Now under direction of flic .Advanced Researcli Projects Agency, the 
program is being suppoitcd at approximately three times its pic-Sputnik 
financial level. 


Eockhced .Aircraft Corp,. systems con- 
tractor for the WS-ilTL, which it 
culls -Advanced Rcconmiissance Satellite 
piiiject, has delegated a large part of the 
devclo|3meiit task to specialized seg- 
ments of indiistrv to gain time and ob- 
tain the best available talent. Some 50 
industry companies now are associated 
with Eockhced in the project- 
increased Emphasis 

CreatK increased emphasis on mili- 
taiy sptice programs and the interjec- 
tion of .ARP, A. the civ iliaii space agenev. 
.md some degree of White floiise dirct- 
tion into the picture, have changed the 
nature of the Pied Piper effort consider- 
•iblv. 

One difference is that Piper non must 
uimpete with other out-uf-atmospherc 
programs for militarv and biidget.irv 
stipport- 

ARP.A has asked S152 million for 


militan' reconnaissance satellite for Fis 
cul 19sQ compared to S55 million in Fis- 
cal 1958. It also has asked for S15S.Z 
million for otiicr military space tech- 
nology vv urk that includes satellite track- 
ing, monitoring, communications relay, 
nicteorologicil reporting, and navi- 
gational aid svstems. 

Piper is expected to continue to get 
strong backing from US.AE planners. 
.•Among the vital considerations ate: 

• Sovietv are vvmrking toward perfection 
of a similar .witellite a.s an e.xtcnsioii 
of earlier Sputnik developments (.AW 
Get. 1-1, p. :f)i. 

• Pier Piper is a natiir.il follinv-up in 
the progressiiai of dat.i gatlKring, earth- 
orbiting vehicles ushered in Ijv experi- 
ments with .Army Explorer and Navy 
A’linguard satellites, 

• Intelligence supplied by svstem witli 
rccnnnaiss.inee eapahilities |jhmnec! for 
a vehicle such ,ns Pied Piper represents 


ultimate transmission dividend de- 
manded of an earth satellite. Pied 
Piper’s pictvire-transmitting mission be- 
comes a logical, urgent goal now that 
ability to put sehicles in orbit and 
gather environmental data has been 
conclusively deinoustratcd, 

Funding Problems 

Estimate is that to carry out the prep- 
'rational and test phases leading to op- 
erational status, perhaps 10 times as 
much money intiv be required as had 
been allocated to support Pied Piper 
by last October, reported to be abniit 
S12 million. 

Contending for funds with Pied 
Piper in the reconnaissance satellite 
eategorx' are .Armv's proposals for two 
telcvisinn-etjuippecl vehicles of :ip])roxi- 
uiately 300 lb. and 700 lb.— convider- 
•ibly less tlian the 1 to li ton weight 
projected for the orbiting satellite in the 
Pied Pi|XT system. 

Army Vehicles 

I'acli of the .Armv vehicles would be- 
fitted vvitli mic or possible two tclcv ision 
cameras feeding inforiiiatioii to tape re- 
corders for storage until tlic satellite 
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SUNDSTRAND ... a primary source for 



I, aircraft 
and ground support equipment 

Evidence of Sundstrand Aviation capabilities for the 
development and production of constant frequency elec- 
trical systems for guided missiles, aircraft, and ground 
support equipment is indicated in the following ex- 
perience record; 


constant frequency 



• First airborne constant speed drive system and controls 
for 400 a-c electrical systems (B-36 in 1946). 

• Drives proved by more than 4,000,000 flight operating 

• Constant frequency electrical systems prime contractor 
for Regulus ll, SAAB J-35, and the F-8U3- 

• Subcontractor on systems and components for nearly all 
first-line U. S. military aircraft, 

• First constant speed drive system for ordnance vehicle. 

• Portable field test stands for testing of complete electrical 
power generating systems. 

• Extensive R&D work in drives, pumps, motors, and high- 
speed gearboxes for operation at temperatures up to 800° 
F oil inlet and 1000° ambient. 

For more comp/efe 
information, 
write today. 


SUNDSTRAND 
tiiHtmi AVIATION 
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orbited within range of a ground station. 
Data then would be transmitted to tlic 
ground at very high speed for immediate 
use or future islaylwck. 

Selection of cither Army reconnais- 
sance satellite srstcni or Air Force's 
Pied Piper satellite for operational use 
could be dictated b\’ intcr-senice con- 
siderations and many other factors. But 
USAF's system might be favored be- 
cause of its earlier concept and estab- 
lished program. Lockheed won the 
Pied Piper reconnaissance satellite com- 
petition in 1956 and became ss-stems 
manager when the program was made 
firm in late suniincr of 1957. 

Pied Piper, with its picture-taking ca- 
pability — versions could be equipped 
with optical or TV-camera, infrared 
scanner or radar— might give rise to in- 
ternational protests against mapping a 
eountn’'s terrain from tire sk\' abose it. 
Defense concciralsly could be that the 
great altitude of Pied Piper reconnais- 
sance satellite permits it to map ter- 
rain from a point in the skv not over 
the protesting country’s land. 

While international ramifications of 
military satellite rcconnaisance have 
not been widely discussed, considerable 
thought is being gisen to fcasibilit)- of 
iamming and defensis’c-retaliation 
against an earth-orbiting reconnaissance 
satellite. 

Perhaps the question of legalit)- may 
never be raised because space trasef. 
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men with experience gained 
from doing ... a modern plant 
with up-to-date equipment . . . 
precision inspection to meet your 
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reduction 


formula for 
the space age... 


SUNDSTRAND TURBO 


evelopment 


one example: 
quantity production 
of accessory 
power systems 


Picture ii Research & Development staff of the country’s fore- 
most experts in accessory power for guided missiles .. .the 
most advanced environmental test facilities available any- 
where for hot-gas firing of APS and other space-borne com- 
ponents ... 200.000 squai-e feet of pveci.sion manufacturing 
facilities .. .picture these, and you're looking at a dynamic 
singlc-.srii/rcc of talent and tools offered prime and sub-con- 
tractor.s in the nation's space program — Sundstiand Turbo. 
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nliicli apparcntlv could not he cur- 
tailed, could in its various phases give 
a view of all parts of earth. F.s cn inure 
likclv possibilits is the satellite stale- 
mate lhat ii-mild result if both Fast 
and \\'est established reconnaissance 
satellites in orbit before legal questions 

With added support-partieularly to 
5|3ecd up testing program, including 
initial firings to prove out propulsion 
combinations and operation of com- 
ponents wliilc aitborne-Pied Piper satel- 
lite probabls «ill not be readied for an 
operational slioot before I960, altliougli 
one olEcia] projection sjsecifies tliis ca- 
pability by spring of 19>9- 

Manncd reconnaissance satellite in- 
cluded in original planning for Pied 
Piper is likeh to get less emphasis now 
tliat the mah-in-space effort (AW April 
7, p. 26) is undenvay. This program 
emisions orbiting, inan-carrsing cap- 

Programs will be closely coordi- 
nated. and one of the final versions 
of the maii-camdng capsule satellites for 
the man-in-spacc program might cm- 
bodv reconnaissance features dcieloped 
for and proved in Pied Piper orbiting 

Altitude Compromise 

Orbiting altitude for Pied Piper ptob- 
ablv will be a compromise between rela- 
tively low heights required for reason- 
able results in scanning and higher al- 
titudes couduciie tu longer orbiting 
periods because of less dense atmos- 

Wliilc initial projections fixed this 
orbiting altitude somewhere between 
?00 and 1,000 mi., it is belies-cd that 
au effort will be made to maintain the 
orbit at the lower end of this spread. 
Dangerous radiation band disco'cred 
bs other satellite flights also will affect 
selection of the altitude for manned 

^asic confisuration of Comair's At- 
las intercontinental ballistic missile is 
targeted as the boaster to laimch Pied 
Piper satellites. Second stage power- 
plant. according to original planning, 
was to be a liquid propellant rocket 
motor but solid propellant unit pcob- 
abl\- will be cho.sen to place satellite 
into orbit, and will be chocked out in 
the test phase. 

Test vehicles, intended to evaluate 
components, won't await readiness of 
Atlas as a completely proven and avail- 
able booster. 

Douglas Tlior intermediate range 
ballistic missile will be drafted as the 
booster For initial test phases because 
it will be rclatisciy proven, available and 
coinp.irativcK' inexpensise. 

Second stage for tests will be a .solid 
propellant rocket which could be drawn 
from .Actojet-Gciietal developments for 
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MICRO-BEAIUNG 

ABSTRACTS 


DYNAMIC AND STATIC LOAD RATINGS 

Load ratings of MICRO bearings aic 
based on standards established by the 
Anti-Frietion Bearing Manufacturers 
Association and arc the result of ex- 
tensive tests. 

The "life" of an individual bearing 
is defined as the number of revolutions 
the bearing makes before the first 
evidence of fatigue develops. 



temperntui 

^2 


.. load 

although other factors, such as 
imination and high temperature, 
t the life of a bearing, it is assumed 
clean bearings running at normal 
e being considered. 

, ible to predict the iife 

individual bearing. The pro 


t the I 


.- ..rt appro-., 
of empirically d«ii>< 
/es which provide 
nining bearing life < 
isis. That is. thev ne 
< life of a 


cl by 




.. li^” of a group of apparently 
identical ball bearings is defined as the 
number of revolutions that 90',' of the 

§ie fu-st evidence of fatigue develojis. 
This figui-e is approximately one-fifth 
of the average life.^ 'lb' 

within normal opei-ating range of load- 
ing and rjnn, their lives L, and L, are 
inversely proportional to the cubes of 
the loads, i.e„ The BASIC LOAD RAT- 
ING C is that radial load which agroup 
of apparently identical bearings can 
endure for a i-atnig life of one hnll'Oh 

operating ranges, rating life for any 
load is a constant numbei' of revolu- 
tions, so the following relati ' 
restatement of the inverse 
portion, may be used to compute i-ati 
life when basic load rating and appli 
radial load are known: 



erm 

. of the 
5 when^ the 

bearing ' 
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the Polaris IRBM ot from Tliiokol 
Clicinical Co.’s developments in tlic 
■field of larger solids. Polaris solid would 
seem to be farored lyeeaiise of Lock- 
heed's relation to Polaris as systems 
manager and its familiarits’ with pro- 
pulsion derclopmcrrt for this program. 

Other solid dcselopmcnts from Air 
P'orcc’s Miiniteinan program also could 
be used, ssith Pied Piper test shots dou- 
bling in service as pros’ing vehicles for 
these solid units. 

Probably no single Pied Piper recon- 
naissance vebielc will incorporate more 
than one type of sensor for mapping— 
o|)tical, infrared, or radar— because of 
pityload restrictions and coi^lcxity of 
multi)3lc scanning systems. Tnis means 
that initial program will evaluate the 
different mapping systems with a series 
of separate \cliiclcs to determine which 
offers the greatest return in reliability 
and definition of gtoimd installations. 

Still-changing concepts for reconnais- 
sance satellites mav cs’cntually call for 
seserai in different orbits at the same 
time, possibly with one serving to re- 
iiiv information from the others to the 
ground- 

To be of value in a military sen.se, 
information generated by the simeil- 
lance svstems will have to he fast and 
direct. Problems will include perfec- 
tion of data links to send information 
to receiving stations on the ground 
for handling and translating. Special 
studies are underway relating to require- 
ments and accuracies associated with 
interpretation and processing of data 
obtained from various tvpes of scanners. 

A far-reaching scheme under study 
bv one company for applications to a 
reconnaissance vehicle concerns data- 
processing and evaluation systenr wliich 
Mould pennit pre-sclccted types of data 
to be transmitted to ground receiving 
station, eliminating the considerable 
mass of noii-csscntial intelligence col- 
lected during surveillance. Applied to a 
system sucli as Pied Piper, this scheme 
would allow verv’ discriminating scan- 
ning to facilitate interpretation, plus 
initiation of fast responsive action, if 
ret]uired. 

One important scientific category 
likely to be opened by successful com- 
])letion of the Pied Piper project is 
mote precise determination of factors 
associated with controlling vveatber. 
This knowledge could have vast stra- 
tegic implications, and probably will be 
broadened considerablv. Results will be 
channeled to civilian agencies for resolu- 
tion of problems relating to long-range 
weather forecasting. 

Another scientific e.vtension of Pied 
Piper envisioned by industry researchers 
is its utilization as an astronomical tool 
for observing the firmament, unhamp- 
ered by atmospheric plienoniena. 

Need for this type of study was 
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Speed so great that existing control systems were incapable of directing its flight path 
... so great that newer, more compact, more accurate, virtually automatic control 
systems were developed to guide the B-58, America's first and only bomber capable 
of sustained supersonic flight. 


Today, this is an outstanding fact of the B-SS 
. . . sustained supersonic flight, rivaled only by 
its growili poieniial. This means that tomorrow, 
it will go even further. 

Growth potential in the airplane results from 
growth potential for the individual engineer. 
This, and the strong challenge (o his creative 
ability, arc integral parts of the new concept in 
engineering organization at Convair-Fort 


Worth that has produced such a world chal- 
lenging weapon. 

If your ambitions call for a position that pro- 
vides such growth potential for you, send a 
confidential resume of your training and ex- 
perience for consideration by engineers in Ihe 
area most suited to your qualifications. For 
personalized handling. address your inquiry to 
Box 748A- 


CONVAIR FORT WORTH 

FORT WORTH, TEXAS 
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Montrose Division 

SOUTH MONTDOSt, fA. 



voiced recently b\' Dr. Hiigli L- Dtydtii, 
director of National .\d\isot\ Coin- 
mitlLV for Aeronautics, which would 
Ihcouic nucleus of National .\em- 
nantics and Space Agency under |x.iul- 
nig legislation. Or. Drvdcn declared 
that N.\S.\ project favored for c|iiiel; 
action would be deselo|5nient of satel- 
lite capable of catrving in orbit a 
iiliseope and auxiliary teaexision eqiiip- 
nient required to transmit to earth pie- 
lures taken through tire scope. It would 
be possible, he said, to construct a 
till '(Ope of useful size, together with 
Mi|)|)oiting equipment, to be carried in 
an orbiting satellite weighing approxi- 
mately a ton. .\bility to observe stars 
and galaxies from space, where there 
wmdd Itc no distortion caused by earth's 
.itniospherc, would permit gathering of 
.1 wealth of new inforinatinn about the 
universe, Drvdeu said. 

Observers close to tlve satellite picture 
feel that a version of Pied Piper, if 
sutcessfiil, ptolxtbly would be dnerled 
for this tvpe of service because tela- 
livelv inexpensive modification could 
fit it for this role. 

Stabilization Problem 

Stalrilization will be a considerable 
problem with reconnaissance satellites. 
Proper orientation of the vehicle as it 
hurtles along its orbit will be extremely 
important if its scanner is to view the 
ground according to pre-selectcd plan 
aitd rchiv specific information. This will 
involve precise position control equip- 
ment and demand on the vehicle’s 
power source. 

In its recent annual report. Lock- 
heed referred to a statement by Maj. 
Ceil. Bernard Schriever. commander 
of -\ir Research and Development Coni- 
iiiaiid's Ballistic Missile Division, that 
the rcconiuiissance satellite sy stem will 
iuelude a recovctiihle capsule. In -addi- 
tion to the .salvage capability itself, goal 
obv iouslv would be to bring down the 
c.qjsule in an area from which it would 
Ik- feasible to tccover it and its es- 
peiisive equipment. 

In addition to weight penalty of a 
returnable capsule whicli either cuts 
rlowii other pavload factors or increases 
the thrust requirement, recovery fea- 
tures introduce requirements for more 
space and additional complication of 
equipment, such as rettorockets and 
parachute systems and activation de- 

Somc observers say it might be unite 
expe-dient to project the system initially 
as a non-tecovetable satellite and add 
the recoverable feature later. They also 
(xpect .-\ir Research and Development 
Command’s man-in-spaee program to 
develop rccovetv tecliniqucs that could 
be fminclcd into a recoverable un- 
manned or manned version of Pied 
Piper. ■ 
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SATURN and its ring system taken with 100-inch telescope at ML Wilson-Palomai Observatories, 


IGY Research Into Space Continues 


By Michael Yaffee 

Neither the launching of the 2,925-lb. Soviet earth satellite nor the 
preliminary results from our own satellite experiments has in anv way altered 
the program for continuing research in outer space prepared by the Earth 
Satellite Panel of the U. S. National Committee for the International Geo- 
physical Year, according to panel chairman Dr. Richard W. Porter. 

Formally titled "Basic Objectives of a Continuing Program of Scientific 
Research in Outer Space," the report vvus distributed to administration, 
congressional and military leaders last February, after panel members had 
carefully reviewed the report themselves for a vear. It is intended as a guide 
for a long term program of space exploration, a preeram tliat would be a 


continuation of, and go well beyond, 
the current IGY program. 

At present, copies of the report ate 
still circulating throughout the govern- 
ment and J^etting thoughtful consider- 
ation." The report was available to 
tlie President’s Science .Advisorv Coni- 
mittcc, headed by Dr. James R. 'Killian, 
Jr., and its influence was obvious in 
their study, "Introduction to Outer 
Space,” released the following month. 
Basis of Planning 

In all likelihood, the satellite panel 
presentation will be the ba.sis of plan- 
ning the geophysical part of the future 
space work to be undertaken bv the 
new civilian space agency, when it 
comes into being- There is little point 
in talking of implementing this pro- 
gram. Dr. Porter says, when there is 
not yet an implementing agenev. But if 
nothing else, be adds, the launcliing of 
the latest Soviet earth satellite does 
point up the necessity of getting started 
with this program as soon as possible. 

Tbe report mentions no cost figures 
and stresses tliroughont the search for 
fiasic knowledge. ".Mthough there will 


(he comparatively limited agenda of 

be inevitable benefits of a verv prac- 
tical nature from such a program, the 
b.isic goal of this exploration must be 
the quest of knowledge about our solar 
system and the universe beyond.” The 
development of the program shart.s with 
the role of sounding rockets, progresses 
through earth satellite experiments, 
lunar investigations. plaiYctarv and in- 
terplanetary exploration, and concludes 
with manned space flight. Tlie bulk of 
the program is given over to satellite 
cxpcrinicnts- 

"Even when the tcchnologv of space 
flight has progressed fat bevond the 
abilitv to put satellites in orbit and 
veliiclcs arc being directed on helio- 
centric and interplanetary missions.” 
the presentation points out. "the earth 
satellite will surely continue to be a base 
for fruitful observations. ” Now. how- 
ever, is w-licn satellite-ba.sed experi- 
ments can be most fruitful due to the 
almost complete lack of print, direct 
knowledge. 

In formulating their program, mem- 
bers of tbe Earth Satellite Panel as- 


sumed that the technology of space 
flight will develop gradiially-thc 1 1- 
ton Russian satellite notwithstanding. 
(Tlic Russian work, to date at least, 
has produced no surprise among panel 
members, according to Dr. Porter.) 
Therefore, they state, the payloads and 
the distiinces traveled will be relatively 
small at first; and the scientific e.xpcri- 
ments and ob.servations that go along 
with them will be correspondingly mod- 
est in the c-arlv .stages. 

Accordingiv. panel members proposed 
to divide the satellite experiments into 
two groups- First will come tlie "lighf- 
vvciglit-satellitc experiments” whicli can 
be carried out in Vanguard-type satel- 
lites. provided that tlic pavloiid capa- 
bility of these vehicles can be jHishcd 
to 50 or 75 lb. and assuming that there 
will be a wider cboicc of orbits than 
now allowed under the IGY prograin. 
Later will be the more elaborate "ad- 
vanced satellite experiments." vvliicb 
will culminate in manned satellites. 
The experiments in the second group 
will require, among other things, larger 
pavloads, stable |)Iiitfonns. high trans- 
mission power, large infomiation band- 
width, large auxiliary power sources, 
and rccovcrv of packages. 

Satellite Experiments 

In the first group, the members of 
the Earth Satellite Panel have included 
the following experiment': 

• Creation of visible objects. .-Xniong 
the manv things scientists want to 
know more about arc air densitv at 
high altitudes, size and shape of the 
earth, ion densitv. and lunar mass. 
Much can be learned about these un- 
knowns through precise determinations 
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of satellite orbits. And optica! tr.icfcin|. 
as opposed to present radio techniques, 
is the mote accurate inetliod of deter- 
mining orbits. 

Because of the limitations of present 
optiea! equipment, it becomes necessary 
to make flie satellites more easily vis- 
ible. 'Micte ate a number of \va\s 
to do this. The first one to be used 
will probablv be a large balloon, now 
under development at me National Ad- 
sisoiv Committee for .\cronautics. 
\tade of an. aluminired plastic, the 
balloon will be carried bv a small satel- 
lite and automatiwlly inflated upon 
release from the carrier. An altcrnatisc, 
whicli the Russians suggested they 
would use. is a flashing light on the 
satellite itself. 

• Total atmospheric thermal and r isible 
radiation measurements. The purpose 
of these mensurements. according to the 
report, is to determine the radiational 
licat budget of the earth and atmosphere 
in order to learn more about the general 
circulation of the atmosphere. Ratlia- 
tion fluxes can be sampled by a set of 
omnidirectional bolometers and such a 
.scheme is alrcadr' scheduled for one of 
the IGY satellites. 

• Mapping of the cloud covet. Bv 
seanning the earth’s surface rrith photo- 
cells. a satellite can get a picture of 
cloud patterns over a large area. Tliis 
uill throw light on the wav in uhich 
storm svstems start and desclop. the 
satellite scientists say. 

• Ntapping of the night airglou' and 
aurorae. This experiment will be some- 
what similar to the preceding one and 
would also be important to meteoro- 
logical research. 

• Time flnetnations of solar ultraviolet 
and X-radiation. The idea here, accord- 
ing to the report, is to monitor these 
solar wavelengths over a long period, 
say for a year, for the purpose 0/ corre- 
lating the ultraviolet and X-rav inten- 
sity-time curse with weather, radio 
propagation, the ionosphere, airglow, 
ssinds, and so forth. A start on this 
work is being made with IGY satellites, 
containing instruments such as a photon 
counter sshich responds onls' to I.snian- 
.alpha radiation. 

• Distribution of hydrogen in space, 
Tire same ionization chamber used to 
study solar Lsnian-alpha radiation can 
also be used to determine the densitv 
of hydrogen in space, "a subject of 
much interest and speculation." 

• Survey of celestial sources in the far 
iiltras iolct. The picture of stellar mag- 
nitudes in the fat ultrasiolct appears 
to be different from that in the \isihlc. 
and this picture can be more fulls- de- 
sclopcd with the aid of a satellite. 

• Exlragalactic light. Satellite investi- 
gation of extragaiactic light would, 
among other things, lielp test the hy- 
pothesis of the expanding universe 
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Panel Meinberji 

Members of the Technical Panel on 
Hie I'lartli Satellite Program. U. S. Na- 
tional Committee for tlie ICY. National 
\ejdem\ of Sciences are as follows: 
Richard W. Porter, chairman. G. M. 
Clemence, Michael Ference. |r.. Joseph 
Kaplan. Homer E. Newell. Jr., Hitgh 
Odishaw. M'. II. Pickcriiig. J. G. Reid, 
.\. II. Simple)', .\thclstan F. Spilhaus. 
lames A. \’pn Allen. Fred L. Whipple. 

Other IGY gtovips who helped in the 
planning of this program are: Working 
Group on Internal InstTrimciitation; 
James A. \'an Allen, chairman. Working 

«rTl.°Piek«Lg“®chLman.™WorkL"g 
Group on Satellite Ionospheric Measure- 
ments: A. H. Shapley, (chairman). 


based on the so-called red shift. 

• Cosmic ray obscnatioiis- Fairly ex- 
tensiw im’cstigutioiis in this area ate 
scheduled for ICY’ satellites, some of 
which have already been flown. But 
cosmic tav cxpcrinicntation is like writ- 
ing a book. Dr. Porter savs; vou start 
one chapter and this leads to another 
and it keeps right on going. 

• Ptiman- auroral particles. TTic use 
of satellites to obsenc these pirticles 
(protons, electrons, hear y particles, etc.) 
will enable scientists to correlate varia- 
tions in their intensih' with solar ac- 
tivity to an extent presently impossible 
with anv other means. .Also, this auroral 
work is closelv related to investigations 
of the geoma^etic field. 

"Indeed, it would be desirable, in 
order to obtain mutually supporting 
sets of data, to hase hvo satellites aloft 
simultiinconsub— one eanxing a mag- 
nctonietcr and the other carrying auroral 
radiation detectors. Eicntuallv, it mav 
be possible to haic a single satellite 
cam- both t' pes of apparatus." 

• N'ficromctcorilcs. Investigations in 
this area are designed to answer the 
many questions that the IGY satellite 
experiments are unable to coser because 
of limited equipment and operational 
time. Some of the.se anticipated ques- 
tionmarks, for example, are: How are 
these particles related to visible meteor 
shoivers? What are the fluctuations in 
total iiitcnsitv? 

• Magnetic field. As much as 7% of 
the satiations in the earth's magnetic 
field ate due to a satiety of current 
systems in the ionosphere and above 
and cannot be iiccnrateli- measured by 
gtound-lei’el surveys or bi' aerial recon- 
naissance. "The ideal approach would 
be to use rockets and satellites in com- 
bination, thereby obtaining a mote 
complete map of the geomagnetic field 
in three dimensions and in time." 

• lonospliecic obsenations. It is cer- 
tain. the report states, that valuable 
ionospheric experimenfs can he made 


liv means of satellite radio transmis- 


B\ using the satellite as a known 
source of radiation, for example, it 
will be possible to measure certain as- 
pects of the fine structure of the iono- 
sphere such as the horizontal inhomogc- 
neitics in the E- and F-regions. 

• Biological cxpciiincnts. Prosision 
for this work is made in the first group 
of satellite experiments because the 
satellite scientists belicse they should 
be started at the earlie.st opportunity 
"since thev will be crucial to the C'en- 
tual attainment of manned space 


and rocket flights of Using 
organisms bas e been imderwas' for some 
time, and the U. S. IGY satellite pro- 
gram includes cxpcriment;ition witli 
sc-.ist samples. But these programs will 
base to Ijc greatly expanded; primarily 


effects on biological specimens will 
prose very ressarding. 


Advanced Sotellite Experiments 

Later on. as the satellites get larger, 
it will undoubtedly be possible to place 
men themselves in the 'chicles, llic 
'•aluc of such an experiment is still being 
debated. But man will inc'itably ven- 

the scientists. "AVTiethcr the presence 
of a man in tlic \ehiclc will contribute 
to our knowledge of tlie uni'crse is be- 
side the point. Sucli an achicveincnt 
should, perhaps. I>c considered as an 
end in itself— the ultimate biological 
experiment." 

On a somcu'hat more immediate 
basis ate a number of fairly complicated 
and more scientifically ttuMrding ex- 

E eriiiienls that the panel has planned 
)r its first ad'-anced satellites. .Aino:ig 
these arc the folhming: 

• Selective and directional thermal radi- 
ation nieasurcments. 'I'hc idea is to 
obtain a complete record of thermal 
radiation for an entire satellite circuit 
in order to map the cffecti'c tenipera- 
tute of different lasers high in the at- 
mosphere. This could be the key to 
the deselopment of a physical basis for 
long-range w’cather prediction, the te- 

• Selective and directional ultra'iolct 
and X-ray measurements. W'ith suffi- 
cient pavload a'ailable, the panel feels 
that it will be possible and desirable 
to make mote refined spectroscopic sur- 
veys of the earth’s atmosphere in the 
far ultraviolet. 

• Astronomical si>ectrogi3ms. YY'ith a 
spectrograph mounted in a satellite, 
astronomers will be able to study the 
sun. planets and stats in far more de- 
tail than no"- possible. Techniques for 
rcco'cring the spectrographic film ca]!- 



KEY ENGINEERING 
OPENINGS 
AT VOUGHT 

ADVANCED WEAPONS 


I Select openings exist in both the Ad- 
I vanced Missile Technical Group and the 
I Advanced Aircraft Technical Group. 

I Tiicse are responsible positions for engi- 
I neering specialists and for design eofci- 
neers up through lead level. Following 

typical^ of others in these groups: 

Radar System Engineer or Specialist. A.E., 
or E.E. (M.S. preferred) with at least 7 
years experience in systems and/or design 
for radar and fire control. To make hi^- 
level studies of advanced guidance and 
control systems. 

dvanced Weapons Staff Engineer. Ph. D. 
•eferred. with at least 10 years back- 
•ound in guidance or navigation and 
control systems. To develop completely new 
concepts in guidance, navigation, or control 

tro-mechanical Syslems Engineer or 
Speciatist. A.E.. E.E.. or M.E. (advanced 
degree preferred) with at least 7 years 
rience in autopilot, flight control, sia- 
V systems and inertia! guidance sys- 


Advanced Weapons Engineer. A.E., E.E., 
or M.E. (M.S. desirable) able to develop 
methods for dynamic stability and slabili- 
■ n studies. To join in, or direct, studies 
abilization, dynamic stability, missile 
airframe contiguraiions, and to make 
flight path and trajectory analyses. All in 
supersonic and hypersonic range. 

irranSe for a personal interview, or for 
ompt report on these or other current 
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Vought Vocabulary 


dy-nam'ic: 


a manned weapon for space-edge duty 

designed in the image of a champion 


Witfi Chance Voiight's new FSU-2 Crusader, Ameriea’s 
defense strength rockets to the threshold of spiice. This 
Navy fighter has the speed, range and staying power to 
master the upper atmosphere. A manned aircraft, its 
pilot brings human intelligence to an advanced aerial 
weapon whose capabilities outstrip those of ordinary jet 
fighters. At his coiiiinand, this lethal weapon can hide 
and seek . . . strike and .strike again. 

On its first flight, the FSU-2 easily beat the fastest 
official speed of the record-breaking FSU-1 Cmsorfer. 
It climbed to heights reached a few years ago only by 
rocket-powered research craft. It carries advanced fire- 
control and radar systems, and awesome armament; 


20 mm cannon. 2.75-ineh rockets. Sidewinder missiles. 

The dynamic design of this new carrier-based fighter 
is a proven one . . . incorporating the finest features of 
the celebrated F8U-1 Crusader, already giving Na\ y 
pilots unmatched air/sea strength. 

Scienlisis and engineers: pioneer with Vought in new mis- 
sile. manned aircraft, and electronics programs. For details 
on select openings write to; C. A. Besio, Supervisor, 
Engineering Personnel, Dept. M-10. 


Ji. mere AFT 
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SUPER-T 


HOSE 


STAYS FLEXIBLE 

from —100° to +450° F. 


Designed to stay flexible at extremely high 
ond low temperotures, here is a hose Ihot 
withstands tests much more severe than 
Mll-H-8794. Strotoflex "Super-T" tube is 
mode from specially-compounded TEFLON" 
and covered with high strength, corrosion- 
resistant stainless steel brold. Hose is unaf- 
fected by all fuels, petroleums or synthetic 
base lubricants, acids, solvents, alcohols and 
coolants. Non-inflammable. Shelf and oper- 
oting life are practically unlimited. Strotoflex 
"Super-T" hose is available in standard 
sizes from — 4 to — 20. 


sule lin\c been proposed and are con- 
sidered feasible. 

• Ultras'iolct pliotograplis of lire sun. 
Snell pliotographs should prove an ini- 
poftiint aid to understanding solar ac- 
tiiiti-, iiuicli of which is associated with 
the emission of iiltraiiolet radiation. 
.\s in the case of the a.stronoinical 
s|iectograim, the film would he recoi- 
cred. or a possible altcmatiie might be 
In use phiitnclcctronic recording and 
telemetering of the obsenatioiis. par- 
ticiilarlv if a fairly continuous picture 
is desired. 

• Planetary si>ccttogtatns. The purpose 
of this c\-ptriinciit-a lariation of the 
one on ultraiiolct and X-ray iiicasiire- 
ment— is to measure the spectra of the 
larions planets in the ultraiiolct and 
infrared in order to determine more 
precisely the compositions of the plan- 
etars' atmospheres. 

• An cxperimcnlal test of the general 
theors of relativity. By flying a super 
accurate ‘'atomic clock” in a satellite 
and comparing it to a similar timepiece 
on the ground, it should be possible 
to test the general theory of relatiiity, 
which in effect says there will be a differ- 
ence in the running rate of the two 
clocks because of the known difference 
of gravitational potential, 

• Solar (cosmic) radio noise in the 
high-ftequenci- and low-frequency spee- 
tmin. Because a satellite would not 
suffer from ionospheric absorption, it 
could be used to obscri'e the radio 
noise from the sun and beyond which is 
not able to push through the ionos- 

• Collection of niicrometcorite sam- 
ples. 'rliis work, already underwai' to 
a limited degree in balloons, will help 
answer a number of questions concern- 
ing such things as the relatiie alrund- 
auce of elements in the solar system 
and the scattering effect of this dust, 
ol)sor\cd as the zodiacal light, 

TTic last and ultimate satellite ex- 
periments noted in the report are the 
ones with men in them, incntioned 
abose. Next come.s the moon. 

As part of its long-range space re- 
search program, the Karth Satellite 
Panel proposes to explore the moon 
both by flying satellites around it ami 
bv landing instruments on its surfacc. 

hi the report, priority is gis'cn to 
those experiments which would pro- 
vide infonnation about the moon as a 
whole. These include measurement of 
lunar mass and gravity, direct measure- 
ment of the lunar magnetic field, and 
measurement of the lunar atmosphere. 
The last expetiment is probably the 
only one that will require a landing 
on the moon, it saj'S. (Impact velocity 
is calculated to be about 9,000 fps. 
for a \chicle taking two to three days 
for tlic trip.) 

In the group of localized expeti- 
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incuts, which would require landings of 
instrument packages on the moon's sur- 
face, arc seismic and miaoseisinic ob- 
servations of the lunar crust and ob- 
servations at the point of iinpaci, the 
latter to include measurements of sur- 
face and subsurface temperatures, sur- 
face hardness, and cbeniical composi- 
tion of the surface material. 

Ultimatelv, the report states, there 
will be manned sebicles capable of 
landing on the moon. And in the 
context of the program as described 
bv the satellite scientists, the investi- 
gation of the moon is "but a step to 
the investigation of the planets.” 

interplanetary Investigations 

Mars and \'enus will probably be 
the first planets to be explored because 
thev arc the closest and the most in- 
triguing. And, once the guidance and 
propulsion problems base been licked, 
the report says, it should be a fairly 
straightforward proposition landing in- 
struments on these planets because the 
problems are practically the same as 
those invohed in placing like packages 
on the earth's surface. 

Landing on small and sun-scorched 
bfcrcurv, the panel believes, will in- 
lohe manv of the same problems as 
landing on our own moon. Tlie large 
outer planets, on the other hand, pose 
altogether different problems. "There 
may be no such thing as 'landing' on 
their inner cores, which very possibly 
are nowhere solid but may consist of a 
liquid center merging with a deep 
gaseous emelope. One might, instead, 
design a vehicle wliich would enter the 
atmosphere of such a planet and then 
settle to a certain density les'el, wliere 
it would float, like an incxtcnsiblc bal- 

Man uill cs'cntualh' follow his in- 
struments into space. Right now. this 
act appears difficult to justify logicallv, 
since instruments can be designed to 
do all the space research and reporting 
that is desired. Moreover, these instru- 
ments can be and will be abandoned 
without any misgisings. 

It is s'cry possible, of course, tliat 
these instruments will reach a IcscI 
of largeness and complexitv which 
would justify the use of a buiiiaii being 
for reasons of cfficiencs, reliabilits' and 
resourcefulness. More pertinent is the 
fact that man will certainly possess the 
capability to go into space, the Karth 
Satellite Panef dcdarcs, and it is liard 
to conccise of him stopping short when 
such a tempting goal is within reach— 
regardless of whether it is neccssarv or 

"With man’s first venture into outer 
space, a new program of rcsftircTi and 
exploration will begin. Tlie |)rogram 
dcscril>cd above will therefore be the 
])relude to the drama to follow." ■ 
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CONSTANT DAMPING 

A development in Gyro 



• no heater required 

• maintains close damping 
control from —67°F. to 210° F. 

(t.l held from -30 to ^210. ) 

• optimum PRECISION 
performance for size/ weight 

Automatic Damper 

Rate Gyro Specifications 

SATE RANGES — from +l*/sec to +1000°, sec 
NATURAL FREQUENCIES— to suit reauircmenis 
RESOLUTION— ,02°/sec (on low frequency unit*) 
LINEARITY— 0.1''' full scsle to halt scale and i°i full 


-O-Ooffc 




STATIC 6AUNCE— O.OG'/sec/g 
HYSTERESIS- O.OS ■' full scale 
SENSITIVITY— 10 V maximum output at il.i 

VISRATION— up Co 30 gt 
SHOCK— up to 100 gj 
ACCELERATION— up to 100 g{ 

OPERATING TEMPERATURE RANGE 67' F. ti 


In production, can be modified to suit your specific requirements 


U. S. TIME has GYROS for every application 



STANDARD TWO 
TORSION BAR GYRO 
Over 12,000 produced to date. 
Features extremely high 
performance, such as, null 
balance, hysteresis, resolution. 


SINGLE TORSION BAR 
GYRO-UOOEL SBP 
Features extremely high 
resistance to shock, 
vibration and acceleration. 

Incorporates torsion bar 
overload protection device. 



SINGLE TORSION BAR 
GYRO— MODEL SBO 
Features high resistance 
to shock, vibration and 
acceleration. 

Contains components of 
proven reliability made 
in quantities over 12,000. 

TWO PICK-OFF GYRO 
No cross-talk between 
pick-offs. 

One microsyn can be used 
as torque generator 
providing a built-in 
self test feature, 


...AUTOMATICALLY! 

“Microsation”* by U. S. TIME 


DAMPING . . . within ±20% of nominai from —30’ F. to +210° F. 



FREQU ENCY STABILITY ... less than 10% variation about nom- 
inal over temperature range —30° F. to +210° F. 

LINEAR DAMPING . . . independent of input rate or frequency. 


We invile inquiries in the following fields of precision instrumentation: 

FLOATED INTEGRATING GYROS • ACCELEROMETERS • RATE GYROS 
TWO AXIS GYROS » DAMPER SYSTEMS • INERTIAL INSTRUMENTATION 
GUIDANCE SUB-SYSTEMS 

^Not just miniaturization but "Mierotalion'’ — U. S. TIME'S special ability to 
design and develop miniature precision instruments— instruments to withstand 
and perform under the severe environment of supersonic aircraft and missile flight. 



THE UNITED STATES TIME CORPORATION 

SALES OFFICES : 











guidance system experts 

through training devices 


Today ERCO is building training devices for this very project. A system which will 
permit accelerated, highly specialized troining for individual personnel 
and teams assigned to the operation end maintenonce of the guidance 
system. These ERCO designed devices will quickly, and economically 
permit the militory to obtoin skilled technical personnel with 
maximum specialization on o minimum time basis — 
or the term we use "effectivate*” the system. 


_ _ 


DESIGNED AND BUILT BY 


CONVAIR Atlas complex at Cape Canaveral, Fla., shows vast amount of facilities that support test firings. 


NUCLEAR PRODUCTS ERCO. DIVISION QCT INDUSTRIES. INC.. RIVEROALE, MARYLAND 

AMERICAN CAR AND FOUNDRY • AVION • CARTER CARBURETOR • SHIPPERS’ CAR LINE • W-K-M • ADVANCED PRODUCTS 

Circle Number I4S en liegiiet-ServIce Card 
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some like if cooi 



Our defense estnblishment demands VERSATILITY . . . they get it in the MC-1 and 
MD-! Herman Nelson Portable Heaters. In the top photo, a ('onvair F-102A based 
in sub-zero cold depends on fast heat for pre-flight prcparatioas — while halfway ’round 
the world in the desert sun. another F-102A (bottom photo) is cooled by the power- 
ful blower in the same model Herman Nelson heater. In both cases, the Herman 
Nelson Portable Healer is connected to the plane’s own ventilating system. 

Herman Nelson's experience gained from years of leadership is available to you. 
Solving problems of heating, cooling and ventilating that arise in the development 
of weapons systems is our business. 


kmerican 


AkFi 


ilter 


COMPANY, INC., 3rd SI. & 3rd Avc.. Rock Island, III. 
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Probes Will Explore Cislimar Spaee 


By Ining Slone 

Lunar probes to be launched by the Air Force and Anny will mark the 
first long reach into space and set the stage for manned exploration of 
the moon. 

Both .Air Research and Development Command’s Ballistic Missile 
Division and Army’s Ballistic Missile Agency will attempt to fire their first 
moon vcliicics before the end of this year. Botli programs arc under the 
aiitliority and direction of the Advanced Research Projects Agencr. BMD 
has been assigned tlirce moon probe shots, and ABMA probably will launch 
two. Total funding througli Fiscal 1959 is 580.2 million. Vehicles will 
encompass these configurations: 

• ABM.A's lunar probes will be known 
as funo II. They probably will differ 
from the fiil>itcr-C used fu orbit Fx- 
plorct satellites onir- in that Jupiter in- 
termediate range ballistic missiie booster 
will Ise substituted for Redstone 
booster. Juno II configuration would use 
a Jupiter IRBM first stage, a cluster of 
II sc-.ilcd, solid propellant Sergeants as 
tlie second stage, surrounding a cluster 
of tliree Sergeants as tlic tliird stage, 
surrounding a single Sergeant as final 
stage. 

• BMD's lunar probes will use Douglas 


Thor intcniicdiatc range ballistic missile 
as a Iroostcr. coupled with .\erojet-Geu- 
cral’s modified ik|uid-propellant, sec- 
ond stage Vanguard engine, plus a third 
stage now tentatively scheduled to be. 
Grand Central Racket Co.’s modified 
third stage Vanguard solid propellant 
rocket. .Another possibility for tlie third 
stage is a fluorine-liycirazinc engine un- 
der study at .National Ads isors- Commit- 
tec for -Aeronautics’ Lewis Higlit Pro- 
pulsion Lalioratoty, Clcseland, Olho- 
Wliilc tire 'Ihor-second stage \'an- 
guard combination will be checked out 


in a scries of at least three shoots under 
Project Able— and in three more under 
Project Bras'o. the follow-up and exten- 
sion of Able firings— there is no plan .it 
present to tesf-^ieck the Thor-Van- 
guard second stage-Vanguard tliird 
stage combination. 

BMD plans to "go for broke" on the 
first moon-probe shot. If the missile at- 
tains the "vicinitv’’ of the moon (useful 
data might iie obtained as far as 10,000 
mi. away) tliere ate four distinct possi- 
bilities. Tt could: 

• Travel on out past tlie moon. 

• Citcuinnavigate the moon and return 
to eartli’s atmosplietc. uhere the probe 
payload would burn up. This trajectorv 
probaiili- would depend on the moon's 
gravitational pull to turn the vcliicle 
into tlic proper patli for return toward 
c-arth. 

• Come close enougli to tlie moon to 
be drawn into its graiitational field, 
and by extra tlirust and proper timing, 
become a lunar satellite. 

• Imjiact on tlie moon. Efforts will be 
made to avoid tliis possibility since a 
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. . . Continental Paekettes Are 
Approved Power for a Wide Range 
of Ground Support Equipment 


M6 



prol>c passing beliind tlie moon or orbit- 
ing It could produtc inftnitd; more 
data on the kiniir t'liviroiinicnt. 

All three of HMD’s moon probes will 
e.irry the same pinliiad weight, which 
will be about sO lb., but each will earry 
different insttimicntation in order to 
ciner a substantial datajathcTing range. 
Interv.ils between BMD's moon shots 
will he defctiiiined by the time required 
tor reduction of data from, and modifi- 
cations indiwted by tire pres ious launeh- 
iilg- 

Original launch date for the BMD 
|)tobe was .\ug. 16, but this may be 
delased. .A tracking .station is l>eing 
built in Hawaii. Probe will use the 
Minitrack frequency of 108 me. 


ABMA's Approach 

It is probable that .ABMA’s general 
approach for its moon shot.s will be sim- 
ilar to HMD’s, since the scientific data 
each could gather would be in same 
general categories. 

Probes would gather information on 
the moon’s surface through a mechani- 
cal ground scanning dcsicc scheduled 
for dcsclopnient at Xacal Ordnance 
Test Station. Inyokern, Calif. Resulting 
picture «iH not he as definitive as a 
tclcsision presentation, since simplicity 
of equipment will be dictated by pay- 
load limitations. Miscellaneous mcas- 
urenrents «ith the probe might deter- 

• Existence of lunar ’■atmosphero," its 
composition and density— if one exists. 

• Temperature distribution over the 

• Ion density in the lunar atmosphere 
and in cislunar space. 

• Characteristics of the moon's own 
magnetic field, its distributions and 

• .Amount of ladioactivih' reflected from 
moon’s surface. 

• Meteorite im|>act on sehicle between 

There is a tentatise plan for a look 
at the far side of the moon. Probabh 
the same tyre of terrain exists, but some 
specific differences might be startling. 
Photos of the moon’s far side would be 
taken ss ith a Land camera in an ABM.S 
ptoire and transmitted to earth dectri- 
ealh. 

'I'herc is little doubt that the first 
BMD and .ABM.A moon ptobcs-cvcn 
though the\- will return scientific data- 
arc intended primatilv to contribute to 
U S. prestige, and will offer little mili- 

This viewpoint is fully understood by 
a broad group of scientists and militari' 
personnel, wtio point out that militars' 
sup|)ort for space exploration is justified 
at this .stage siinph' because it is being 
carried out in a scientific pattern. A'alue 
of these lunar probes, as well as cartb- 
s.itellites, nuist be exploited quickly be- 
cause they arc basic-experiment \c!ri- 


cles which must supply fundamental 
knowledge on wliich tiirther exploration 
of space will depend. 

It also is clear that Russia will ac- 
celerate its effort with regard to lunar 
experitnents as much and |3ossibly more 
than it did with its earth-satellite proj- 
ects in tliis tipening pliasc of space ex- 
ploration. 

It is impo5sil)lc to foresee, both sci- 
entists and military personnel contend, 
what the strategic condition may be in 
the next 15-20 vears. Hence if is manda- 
torv that preparation lie done, with mili- 
tarv support feeding the scientific hop- 
per of space. .At this point, it is claimed, 
the Qi crall pliilosupln' of space explora- 
tion becomes a matter of eniphasiaing 
what basically is requited, as distin- 
guished from what can be done. In this 
icspcct lunar probes arc considered to 
be a necessity as opening wedges in tlic 
space regime, rather tlian an isolated 
exercise. 


Probably the most critical factor in 
the matter of initial lunar probes and 
foliow.np lunar experiments, including 
tlic ability to propel manned capsules 
for citcumnasigafion and escntiia! land- 
ings, is propulsion potential. 

Coiisidetabh' before lunar probes 
were actiselv pushed under the present 
programs, sehicics were proposed for 
moon-r icinits trar els using aff-the-shelf 
propulsion units to asoid dependence on 
ballistic missile hardware and minimize 
project costs- 

Onc of these. I'arside II. was con- 
ceived and fonmdated during Tatsidc 
Phase I studies bv .Acroniitronic Sys- 
tems, Inc., under sponsorship of the 
Directorate of .Advanced Studies, Air 
I'ora' Office of Scientific Research. It 
contemplates a vehicle for placing a to- 
tal ])avload of about 25 lb. in the vicin- 
itv of the moon, not ncccssarilv to im- 
]sact on it. Solid propulsion .staging 
includes five steps, involving various 



Here's the answer to prototype parts 
and short' run production . . , 



DEEP DRAWING 
AND SPINNING 


PRECISION METAL 
FORMING 


Complete Service 
from Design to Delivery! 


Consult KAUPP for accurate metal 
components in production quantities, 
short runs or prototype pieces. 
Precision metal-working machines 
combined with a quarter century of 
experience assures high speed metal 
forming to closest tolerances. KAUPP 
engineers will be happy to discuss 
your requirements and make 
recommendations on the economical 
production of your precision metal 
parts or sub-assemblies. New 
catalogs and bulletins available now. 

Request your copies, today! 


C. B 

NEWARK V 


KAUPP & SONS 

ngc 3-24«0 


Metal Craftsmen 
si7ice 192i 
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uses of Thiokol Sergeants and Gtam] 
Central Rocket Co. third-stage \'an- 
guard units. Ibis proposal has not vet 
been approved by ARDC. 

Another scheme using some off-the- 
shelf solid propellant units is Aerojet- 
General Corp.’.s Aerobee M lunar 
vehicle. Hiis fir e-stage vehicle combines 
Aerojet Seniors, Juniors and other solid 

In contrast to this approach, particu- 
larly in BMD. the trend naturalV is to 
consider using ballistic missile boosteis 
for lunar probe scliiclcs— Thor IRBM 
plus otlicr stages for a vehicle with n 
relatirclv light payload, and prolwblv 
the Coin-air Atlas and .Marlin Titan 
plus other stages for hear ict parloads to 
do the follorv-up jobs undoubtcdlv be- 
ing contemplated norr . 

It is estimated that an ICBM with 
added stages might be used to take a 
man around the moon— depending on 
ho« rreight of the capsule could be 
trimmed— or to carry a r ery small [wr- 
load out to Mars. 

Off-the-Shelf Hardware 

Experts close to the ballistic missile 
actir’itv strongly adrocatc use of existing 
ballistic missile hardware for catir space- 
exploration, such as lunar probes and 
earth-satellites, rather than to undertake 
new derelopmcnts for this work. "Ilicr 
point out that there is a general lack of 
appreciation of just horr- far the ballistic 
missile program has progressed in a 
tclatirely short time and the great con- 
tribution it has made to almost even- 
plia.se of engineering and science associ- 
ated with aermiauties-contributimis 
that will be carried o\-er to oiit-of- 
ahnosplicrc uperations. 

Opmion is that literally hundreds of 
experiments, including lunar probes, 
could be accomplished within the next 


file to ten veats with various coinbina- 
tions of Atlas. Titan, Thor and Jupiter 
as first stage boosters, carrying a wide 
lariety of electronic and photographic 
payloads. 

Utilizing existing ballistic missile 
hardware, problem is not one of im ent- 
iiig space missions but one of being wise 
enough to select the ‘'right" missions. 
'1 his approach im-ol\es discretion in 
mission choice— such as circuninaiigat- 
ing or orbiting the moon instead of im- 
pacting on it, even if the Russians, for 
example, already had achieied an im- 

Because of the numerous possibilities 
inherent in early space exploration, no 
single domnnstratinii is going to deter- 
mine which country is leading in tecli- 
nic.il accomplishments. It can safeiv be 
assumed that .Air I-'orcc and .Arinv plan- 
ners will be extremely selectise in pro- 
jecting future missions— in the lunar 
region or am other category of space 

Refinements in present ballistic mis- 
sile hardware also can pay big dividends 
in carli capability for launching probes 
and oilier spitcc ventures, in contrast to 
explorations that niav rctiuire eoin- 
plctely ne« engineering. New boosters 
or other big tccliiiical adianccs requited 
for \ery large paylaids or sen liigli 
speeds may imolic six or seien veats of 
dc'elopment time before thei' become 
usable opcratiimalK. 

I'ollow-up of initial moon probes with 
i chicles carrving pinioads capable of 
more extensile experiments could con- 
tribute information that would faciii- 
t.ite lunar landing attempts when that 
phase is approached in progressive steps. 
I his would include the most feasible 
areas for putting down instrumeiit-car- 
rying ijackagcs, tor landing and take-off 
of manned leliicles, and for detailed 



Aerotest is helping the country’s 
leading manufacturers answer this 
vital question before It’s too late — 
by providing well planned and skill- 
fully executed programs of functional, 
environmental and qualification testing. 

Backed by modern facilities and a staff 
of professional test engineers, Aerotest 
can accurately simulate flight conditions 

hydraulic and avionic equipment — while 
conducting ell types of tests performed in 
accordance with the latest government 


ATTENTION MISSILE-MEN 

Aerotest now offers complete flow testing 
facilities for missile equipment exposed 
to fuels and oxidizers — hydrogen perox- 
ide. liquid nitrogen, ethylene oxide, 
liquid oxygen, and others. 
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cicntlv rigid for support of the nomiiil 
structures niid openitions required in a 
lunar ex|3Cdilion, Whipple bclieses. Tor 
transport of great ueignts and require- 
ments of expeditionarv trasel. greatest 
liszard sliould he crevasses, witli tlic very 
real possibilits' of unsubstantial roofing 
orcr gaseous pockets in tlic lasa flows of 
the lunar ''seis." Whipple says. 

Moon impact trajectory scheme en- 
visioned bv Aeronutroiiie Systems Inc., 
requires little or no velocity control Inrt 
requires precise coiitrul of thrust direc- 
tion. The rocket would proceed from 
earth tiloiig a ballistic trajectory and 
reach the moon’s area at a time deter- 
mined by the initial velocity. A series 
of these trajectories has been devised in 
which the distance that the moon moves 
in its orbit during the differential flight 
lime between two neighboring trajec- 
tories, is just equal to the spacing of 
the trajectories. If lunar impact is 
achieved with one of the trajectories, it 
also vvill Ijc achieved by the neighbor- 
ing trajectories in the series. 

With this technique, tolerance to 
burnout velocity error is greater than 
100 [ps- 'Iliis degree of velocity control 
is attainable with careful propellant 
loading in the final stages, and pavlond 
penalty normally associated with vc- 
iucitv control of a few feet pet second 
no or Is f|)s.l cmi he avoided. 

This technique requites initial design 
velocity that slightly exceeds escape 
ulocitv, and a small payload penalty is 
introduced for additional propulsion 
Kquired. I'lxcess velocitv over escape 
value is about 100 fps. In contrast to 
tolerance for velocitv error, path angle 
(angle between local vertical and tan- 
gent to trajectory at bnmoiit) must be 
controlled to within 0.2 deg. 

TheTincmuclcat explosion also could 
vtnfv impact, but some scientists feel 
that this device would not he fcisiblc 
isceause of the contamination hazard, 
which would interfere with fnllow-up 
exploration. 

Use of a dvc marker to vcrifv mqxict 
might be feasible if a sufficient qiun- 
tity of fluorescence w etc introduced, but 
this would not he an easy task. 

Ultimate goal of lunar investigations, 
the manned-vehicle landing, is on very 
slim ground at tliis stage or space tech- 
nologv, since a trcmcnrliius mass of data 
must he gathered and miincrous criti- 
Cill techniques perfected before man 
c,in perform substantiallv useful fimc- 

llazjtds of tbe manned moon mis- 
sion, wherein man will Ise required to 

E ctform v arious functions, is pointed np 
v comparison with the passive role 
man would play in a relatively simple, 
manned eatth-satcHite. 

A.s.vnming that men land on the 
moon, the question of take-off capabil- 
ity for return to earth poses ttemendous 


172 


AVIATION WEEK, June 16, 1958 


• FACILITIES 



difficulties. Simple analogy is to con- 
sider the complicated countdown pro- 
cedure for a (ballistic missile at Cape 
Canaveral, and wcigli tliis agirinst cagja- 
bility of one man. or a few men. on the 
surface of the moon, preparing for re- 
turn to eartli. Obviousty, .siinplification 
will liave been achieved within the time 
scale for manned landings on the moon, 
hut take-off complexities probably will 
still be substantial. IligliK reliable solid 
]3topellant rockets probably would lie 
ehosL’ii fur return thrust if landings 
were attempted in the foreset-ahle fu- 
ture. some experts sav. 

One schenie for verific.itions of a 
moon iiii|>act involves the use of 10-ft. 
inetalizcd halliions. Twelve of these 
lialloons with their time and release 
mcclianisms would weigh less than 20 
lb. Illuminated by the sun, the reflecting 
lialloon at lunar distances would appear 
a.s a 17tli magnitude star visible in a 
40-in. telescope. If a mmilxir of bal- 
loons were released along the trajeetory, 
sunlight pressure woufel produce an 
acceleration that would separate bal- 
loons launched a dav apart by 1 ,000 km. 

To follow the vebide's trajectory, the 
moon should he in the first or third 
<iuartct so that balloon dispersion is per- 
pendicular to the line of sight. If the 
vehicle struck the moon, a number of 
the balloons also would strike. 'I'liis 
would be established if those balloons 
on predicted impact trajectories no 
longer were observed after transit 
across the moon, and the icmaining bal- 
loons were seen after transit. 

Other impact verification schemes 
include optical and infra-red scanners 
wliich would determine angular size of 
the moon as an indication of proxim- 
ity. Tliese could be kept witlim pay- 
load limits of about 10 lb., with most 
of the vveiglit being in power supply . 


Still another method is based ou 
measurement of the moon's radioaetiv- 
itv. Scanning would not be necessary 
because radiation received by spherically 
s'lmnetric counter arrangement is pro- 
portional to tile solid angle .subtended 
i.v flic moon at the counter. \Vhatcvcr 
the leliicle's orientation, the counter 
rate above bickgrmind is ])ropottioiial 
to the stiuare of the distance to tlie 

Protection requirements, particularly 
for a lunar capsule, will be far mote 
rigoruus for the lunar leiilure than for 
an earth satellite experiment. This is 
|jointc(l up in the simple as|3cct of earth- 
atmosphere re-entrv spccds-2S.OOO fi)S. 
for an earth satellite, against ss.OOO 
fps. for rc-entrv from a lunar trip. 

I'btiiblishment uf a lunar base mi- 
ooiibtcdlv would offer inestimable sci- 
entific advantages, such as: 

• 0[)|»ttimity' to study all as))eets nf 
lunar surface, which might lead to firm 
tlieorv on fot.iiation of solar system. 

• Observation of earth’s global we-athcr, 
This would be of tremendous value in 
coimnercial opt nations, and could have 
decisive niilifarv sigiiifie.ince in further- 
ing the abilitv I') control vvexitliet over 
particular areas. 

• Astronomical pl'itform for optie.il and 
radio telescopes to supply precise in- 
formation on solar svstcin constituents 
and characteristics o/ other stars. 

• Mapping ability. I'rom two or more 
positions on opposite sides of tiie moon, 
tn afford long base linos, gross features 
of the earth could be delineated ac- 
curately bv telescope. 

Cost and time estimates for putting 
a man on tlie moon and establisliing a 
scientific-military base tlicrc vary widely . 
One estimate is 10 ywr.s and SI billion 
for the first step, 20 years and S20-5s0 
billion for an operational base. 
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HIGH PRESSURE FUEL VALVE 


THREE-WAY, HIGH PRESSURE FUEL VALVE 
Higli Pressure Air or Hydraulic Solenoid Valve 
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HIGH PULL LOW CURRENT SOLENOID 
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Increasingly higher speed and 
thermal characteristics... 



Engineering developments that make Rollway 

Cylindrical Roller Bearings suitable for a 

wide range of aircraft applications 


Eight years after the Wright brothei-s' flights 
at Kittyhawk, Rolhvay began the production of 
cylindrical roller bearings, Careful inspection, 
metallographic checks, design evaluations and 
lubrication studies have steadily improved the 
range of performance as to speed, stress, ambient 
and operating temperatures. 

Our key personnel are always ready to work on 
experimental or production models where high- 
stress, high-temperature, and high-precision 
bearings are essential. 


ROLLUIRy 

BEARINGS 


Sveicul*'^'B05T0N**'CHIC»C0 • DETROIT • TORONTO • flTTSeUROH • CLEVIIAND • SCATHE • HOUSTON • PHIIADEIRKIA • 105 ANGEIES • SAN fRANCISCO 
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USAF Considers Test Vehiele Family 


\ program to create a faniilv of basic vehicles for a broad variety of 
oiit-of-atmasphcrc rcsoarcli and testing that normally could be conducted 
onl\- with expensive operational ballistic missile is being considered by Air 


Philosophv behind this concept-designated BMTS, tor ballistic missile 
test svstems-is that witliin the military sers’ices and other government agen- 
cies there are mimeions requirements for research and test associated with 
ballistic missile components as well as other technical factors, which would 
not be cconomicalh feasible if each agency developed its own test vehicle. 
'I'liis gives rise to the demand for a family of "stanAlrdir-cd" carriers to meet 
a multiplicitv of requirements. Characteristics of these vehicles would 


emphasize: 

• I'icxibility tor adaption to wide range 
of piuload and altitude combinations 

• Relativclv low cost. 

• High reliability. 

Four Phases 

.-\f this stage of planning, approxi- 
iiiatch' four phases arc envisioned for 
the ]3ro|nim: 

• Phase I conleniplates a vehiele for 
lifting ".sizeable” (several hundred 
pounds) payloads to ''moderate'' alti- 
tudes (several hundred miles). In tlii.v 
phase, lumdreds of vehicles may be 
involved to cover the broad area of rc- 
scarcli and test. This indicates a need 
for a relatively inexpensive configuration 
instead of the huge expenditure vvliicli 
vvciiild be involved if llior or Jupiter 
IRBM boosters were used. .Mso. llior 
and Jupiter IRBM vcliiclcs probablv 
would not be available in sufficient 
quantities to meet BMTS Phase I re- 
el iiirenicnts. 

Industry feeling is that, fnr Phase I. 
trailing available for off.thc-shelf solids 
might lx: used, with ncccssarv modifica- 
tions fed in to create both hiiostcrs and 

One example of a space vehicle fitting 
Phase I requirements might be cluster 
of Sergeants conpled to successive stages 
cinhodying clusters of even smaller 
rockets. 

• Phase II vvonicl be an cxteiisimi of 
Phase 1, utilizing ,i vcliicle affording 
imich higher performance, siicli as lift- 
ing payload of several hundred |3ounds 
to several thousand miles. 'Ihis pliase 
conceivably would require at least nior 
or Jupiter as booster. 

• Phase III cssentiallv wrmld be asso- 
ciated with lunar research and test, in- 
volving relatively small pavloaels vvitli 
larger booster liiuii in Phase II. .\tlas 
or 7'itan is indicated as booster for this 


Another a))proacli to the overall |3ru- 
gram involves use of common piiyload 
and top rocket sections with use of 
increasingly larger boosters as research 
and testing phase requirements increase. 
I'cehng among industry is that com- 
plete adliereiiet to this approach, as 
well as to the latter phases of the four- 
step projected program, is inefficient 
because mass ratios (weight of stage at 
ignition to weight of stage at burnout) 
become imfavotahlc as larger boosters 
are used, I'nr the latter phases of the 
HM I'S program, opinion is that it 
might l)c more efficient to use a com- 
plctch new vehicle design to niatcli 
the specific needs of research and 

Program's Future Uncertain 

|••uture of liM'I'S program is vonic- 
wbat uncetlain. Program priinarilv has 
been sponsored in the pist by ,\ir Re- 
search and Development Coinniaiid. 
but is not funded. It is iikeh tliat 
implemention of B.MTS will have to 
await decision of Advanced Research 
Projects .Agency, vvliich already has ad- 
vanced ideas to .Ait Torcc that modify 
the concept. 

Main aspects of the program still to 
lx; determined, include; 

• Government agency that will have 
cognizamce of the program, probablv 
,\RDC's Ballistic Missile Division or 
Defense Dcixirtment's new .Advanced 
Research Projects .Agency. 

• \\1icthcr all phases envisioned for 
BMTS should be implemented or if 
jnvt initial vehicle cimfigurarion should 
be authorized. 

• If contracts .should be .ivviirded on 
the basis of proposals which alrcadv 
have been made f>v some industrv seg- 
ments. or vvlietlicr awards will be basctl 
1)0 nevv competitions. 


• Phase I'V would cumprive "lunar 
plus" enpability, possibly for operations 
involving bulking on approach to. ami 
kmdiiig on. moon's surface. ,uitl for re- 
search and test beyond lunar region, 
I Ills phase also would involve relativclv 
small ]>avloads but larger boosters than 
in Phase III. 


ARDC Request 

If BM'I'S is funded and the program 
implemented. ARDC’s Ballistic Missile 
division probably will request that it 
be given overall management of the 
project even though it has not been 
a strong proponent for the program 
in the pist. Its philosophv lias been 
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The new Diaphlex Thermo-Ai-ming Relay is designed 
to close a circuit positively, and with high reliablity, 
with the application of 3 to 4 volts, AC or DC poten- 
tial. 

The Thernio-Anning Relay has been qualification 
tested tor performance, in accordance with the specifi- 


cations below, including shock, vibration, acceleration, 
performance at extreme and varying temperatures 
and pressure altitude, salt spray, humidity, and stor- 
age at varying ambient temperatures- Detailed test 
reports by Inland Testing Laboratories are available 
upon request. Cook P/N 666-1960, 


Weight Less than 0.1 ounce 

Operating Temp. Ronge. —55' C- to -t-85' C. 

Altitude 'n «««“ 75M' 

Shock . . • • • '250 G. 2-4 MS deceleration 

Vibration 20-2000 CPS, to 40G 

Acceleration 150G 

Operate Time Less thon .3 second with 3-4 VDC applied 

Contoiner Herm. sealed in high thermal-shock resistonl gloss container 

Trigger Ckt. Resistonce 1,2 ohms minimum 

Contact eopacity 5 ma.to S.Oomperes DC 

Insulolion Resistonce 200 Megohms minimum @ 500 VDC 



DtAPHLIX, 


Cook Electric Company 
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tlnit the most impottunt. and ptoltably 
Inilk of tests would be conducted more 
cRicienth with tlic missile with wliicli 
lire test piivloiid w-as associated— foi ex- 
ample, tliat it would Iw most fe.isible 
to check a specific guidance system on 
the missile for wliicli it is designed, 
r.ithcr than on a BMT'S vcliidc, since 
the test vehicle niiglit not truly simu- 
late the missile itself. \\'isdom of the 
contemplated BMTS program is ques- 
tioned scriouslv by man\- in industry 
for tliis sjtecific reason. 

Concept Requirements 

Ilowcs'cr, there are numerous require- 
ments under the BMTS concept which 
would not be directly associated with 
Isillistic missile doclopment. and some 
segments of industry contend that the 
|)rogram would l>e amply justified in 
this respect, .^pparcntlv, question rc- 
sohc.s itself as to whether the rcsc-arcli 
and testing not directiv associated witli 
ballistic missile development ssoiild 
justifr’ the creation of a family of s|x;- 
cific missile configurations to carry out 
miscellaneous rcsearcli and deselopmciit 
as well as that directly concerned with 
liallistie missiles tlicmsebcs. 

Because solid propellants are being 
looked upon with increasing fasrir for 
missile application, nianv in industrs' 
feel that the simplicity of these miits. 
tlicir reliabilih-, general ca.se of lian- 
elling. and smaller group of people te- 
<|uitcd for |)re|)aratiou and firing, might 
accelerate the adoption of solids, par- 
ticularls' in the rarly phases, for a >e- 
liicle which could be used adsaiitagc- 
oiisb' under the BMTS progr.mi. 
R\rn's Mimiteman program, now be- 
ing puslicd cnergetic.illy to create a 
simple and cffectisc intermediate r.ingc 
ballistic missile, might possiblv enn- 
tribiitc a family of solid propellant con- 
figurations which could casih' meet the 
demands of the BMTS program, cicn 
for adsanced stages. 

Research and Testing 

I'iclds likely to be included in BM I S 
prugtain of tcsc.irch and testing arc: 

• Ballistic missile components, such as 
guidance and control svstems, miseclla- 
ncous ' alves, fuel system and propulsion 
system pumps, nose cones, and warhc.id 
fusing for altitude detonatiou, Pro|nil- 
sion system as such would not be 
checked in a BMI'S lehiele. 

• Ilimiaii factors. Engineering tests 
could be performed on equipment for 
manned ont-of-atmospbere vehicles, 
medical experiments could be per- 
formed with small animals or with 
otlier living organisms. 

• High altitude experiments. Tliis 
iMiiild include heavy payload iiistrmncn- 
tatiou fired to “reasonable" altitudes 
and probably lighter pavloads to very 
higli altitudes at very high speeds. ■ 
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To obtain optimum performonce of in-flighl refueling equipment, 'Ackers Incorporated 
has worked closely with Flight Refueling, Inc., in odapting the inherent odvanloges of 
hydraulics to this toctieally important air-weapons concept. The significant results of 
their combined efforts are enumerated obove. 


Why Flight 


uses 


Hydraulics 
on Hose Reel Drives 


The use of Vickers hydroolics has broadened the scope of in-flight refueling applica- 
tions. The automatic sensing device ond fast response of the hydraulic motor prevents 
disconnects. Commerciolly, the hydraulic system permits bigger payloads and extended 
flying range. For more information, contoct the neorest office listed beiow. Wfite 
for SS-1010. 


VICKERS 

DIVISION OF 

Aero Hydraulics Division • 


ADMINISTRATIVE and ENOINEERINO CENTER 
Dapcrtmsnt I4«2 • Dteall 32. Midilean 



INCORPORATED 

Engineering, Sales ond Service Oflicest 

I TORRANCE, CALIFORNIA^- 3201 ^m^a ^uNvord 



rs a nJ Bui'fders of Oil Hydraulic Equipment Sine 
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New Test Tools Needed for Space Age 


One of tlic best indications that manned liypcrsonic and orbital flight 
is near is llic sharp reduction in transonic and siipctsonic testing in the 
U. S. during the past vear. 

Tlic rather large mnnb<.'r of big transonic and supersonic tunnels built 
by gosernment agencies, aircraft firms and piisate rc'seareh groups in recent 
scan have not been reccising their cspcctcd utilization in the past 12 
months 


\la 

that' 


tlic eaiicclhil 
of tlie supersonic aircraft projects 




y two V 


and 


e advanced 
inidct study. 'Ihis rapid adsance in 
feasible speeds for manned aircraft and 
the appateiitls' unforeseen inaease in 
their cost liaic left wind tunnel and 
itsearcli faeilits' operators with two 
priiiiars probienns: 

• 0])eraliiig on the reduced revenue 
from prosent facilities and financing the 
new facilities needed to stay in Inisiness 
during the next 10 years. 

• Deciding exactly wliat tliese new test 
facilities sliould be. 

Modification Costs 

The seriousness of the first question 
fur most oijcrators is hpified by Cor- 
nell .Aeronautical Laboratory's experi- 
uiee witli its ne«l\ modified high speed 
tunnel. ’^I'hc modification alone cost 
<2.1^ million. It peniiits testing of 
large models in tlie S x S ft. test sec- 
lion tlirougli the transonic range and 
up to about Mach l.-f. 

During tlic first year of operation 
after this modification tlic tunnel uais 
rimning at tlic soinenliat outstanding 
utilization figure of about 5.000 hr. 
of testing time per year. Ibis required 
a 2d-Iit. npcratioii and ratlier large staff 
to handle the neressary model work, 
tunnel operation and data reduction. 
-About one year ago this pace began to 
taper off. 

I he tunnel is noss' on a one-shift 
basis and is operating at about 1.000 
to 1,200 testing liouts per year nilh a 
reduced staff. 

-\s tlie tunnel is being amortized oser 
:i .six sear period at an cxpccterl rate of 
2.000 hr. per rear, some adjustments 
probably will he made in the ainortiza- 
tioii rate, 'fbe present low rate of 
utilization also affects the amount of 
inonei’ tlic hiboratori' has to apply 
toward new fiieilities. 

Ibis situation is almost universal and 
compared to 18 montlis ago, test time is 
i.isv to obtain in almost all supersonic 
tunnels in the U- S. 'Hie Southern 
California Cooperatiic Wind Tunnel 
mvned hi' several aircraft companies 
and operated bv tiie California Insti- 
tute of Teebnolugv rccentls' completed 
a major inodificatiun similar to one at 
Ccirnell Lib. 
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,A large tunnel complex also nas com- 
pleted a sliort time ago at .Ait Research 
and Deselopineiit Command's Arnold 
Kiigincering Deselopment Center at 
Tullalioma, I'enn. I'hesc new timnels 
))his ness company ossned high-speed 
lumiels like those at Boeing, Convair 
and Nortli .Aiiictican, and existing liigli 
speed facilities at National Ads'isoty 
Committee for Aeronautics laboratories, 
AA'riglit .Air Deselopment Center, and 
’ isctsitics, leave the transonic 


and Mipersuiiie 
ssbat saturated. 

Most of these 
a respectable anio 
are not being run ; 
Some of the tests 
of a basic natur 
: Stlldil 


picture ; 


uiels a 


living 


of utilizi 

being conducted are 
; and csen thnugb 
iful, tlicy probably 


ss'ould not be sclicduled if 
design svork ss-as available. 

W'iiilc a substantial muiiber of these 
transonic and supersonic tunnels piob- 
ablv will ahvavs be nccessarv. tlicv seem 
to have been oserbuilt gencrallv. This 
recent misaiiculaticm of testing require- 
ments is gising tliose ssbo nnist direct 
tlie coiistriietion and operation of test 
facilities mare than the usual concern 
for tlie future. 


At present no one seems certain of 
exact tvpes of cxperimciital equipment 
that will be necessary 10 years from 
now. Mam- industry officials indicate 
lliat spec laboratories are needed, but 
tliey often arc not clear about flic de- 
tails of sucli a laboratory. 

In addition, many available ty|)es of 
hvpersoiiic -and advanced environmental 
and structural facilities are relatively 
small and inexpcnsii e compared to the 
larger supersonic facilities that liavc 
been built pri'-ately. 'Ibis lias lead to a 
"backyard” approach in many testing 
acti''ities concerned ivitli adi-anccd flight 
problems. 

Tbis "backyard” approach is giving 
a large number of people a better un- 
derstanding of liigli speed and high 
temperature problems, but it probably 
will not be adequate to see tlie industry 
llitougli all liypctsonic actodyiiaiiiic, 
structural and cmironmcntal tests. 

TTie main problem of tlie prisutc, 
not-for-profit and goscrnincnt testing 
groups is to select the types of larger, 
more expensive facilities that ran fill 
the holes left by the smaller equipiiitnl. 
wliich cannot obtain data with realistic 
swlc effects. 

Most of the larger facilities that have 
been considered have inherent limita- 
tions also, and it is again problematical 
as to how long thev will be commet- 
cialli' useful. 

Niiicli of the military and industry 
Ibiiiking about "space” laboratories con- 
cerns facilities that will give realistic 
eonditiiins for studving radiation cf- 
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Experimental Techniques for Hypersonic Research 

EXPERIMCNTAI TECHNIOUE 

EXAMPLES OF RESEARCH PROBLEMS FOR 
WHICH TECHNIQUE IS SUITABLE 

SIMULATION CAPABILITIES 
ANO LIMITATIONS 


Alrcroll eenflBurolIon lift, drog, and slofalllly. 

llmltotlons Include relatively high cost and 

Boinolic confleo 

Flow choracletlcllct. Including shock wmw 
P essibilily of studying keoi honsfer ond 

occurote mnosuiemenls of more Ikon e few 


Properlles of nlr at high fimperoluret. 
Relonallon effecls. 

Hool-lronsrer and houndorv-lnyer phenom- 

Correct enlkolpy and Roynolds numbor wlrh 
low Moch number or correct enlholpy ond 
Mock number with lew Reynolds number. 
Millisecond lesling rimes. 

InlormiUen. lunn.lc D< AEOC 'Hot.h.r .»pe 

Similar to those sulloble for shock-tube 


Id) Combinations at (b) ond ic} 

Heal Irorrsfer 1e moderolily high Moch 

Moch numbers ef around 7. 

Cold bypersonlc lunnol. 

Aoiodynomlci of perfvcl-gos hypersonic 

Mncb numbers to obout 9 or td In air with 
Incotrecr onttlolpios. 

Freo moleeulo Sunnolt ttl, of Colir.) 

ICBM drag ond stability ol moxlraum 

Moch a 


Sourc*: AGARD Report T32 by E> O. Peorion, Jr.j and Aviallan Week. 


feels, 'ilnalioii. accdctatitc loadings, 
intense liglit and complete darkness, 
pressure. tem|x:ralure and other en- 
\ itonmental problems. 

Centrifuge Facilities 

.\ miniber of large centrifuges are 
as’.iilablc for studying human reaction 
and stiiicturdl and systems beliasior 
under various accelerations. Proltably 
the most advanced Unman centrifuge 
is tlic Naw one at Jobnsvillc, Pa., which 
is operated in conjunction with a large 
computer in order to simulate tlic ex- 
act fliglit programs prrtposed tor future 
aircraft. Scott Crossfield has ridden 


tills centrifuge, for instance, to acquaint 
liimself witli flic actual G forces he 
svill face on flights in the X-15. 

Rapidiv alternating sertical accelera- 
tions tliat niav be cx|jerienccd by pilots 
during re-cntrv from a satellite orbit 
into turbulent air also arc tjcing simu- 
lated. using a scat tliat travels lapidlv- 
along a vertical rail or cylinder. Very 
low-pressure cliambers for testing pilot 
ce|uipinenl. auxiliary c<iuipment. and 
|)lusiological reactions also ate mtmer- 

N'ew facilities lieing mentioned by 
Iniinan factors and structural engineers 
include high speed particle accelerators, 


adapted to simulate radiation effects, 
and rooms in vshicli the intense con- 
trast between light and shadow in 
space can lie simulated. Some of these 
radiation problems arc probablv in the 
same categorv with wciglitlessness. 
whicli u|5 to now cannot be .simulated 

a ierlv on eartli. I'or nuicli testing 
I regard to space flight, a laboratorv 
in space itself is the only answer. 

lliC inanv livpcrsonic flow and stnic- 
tiiral prolilenns that must lie answered 
lieforc man fuliv utilises tlie propulsion 
|iovvcr now available to him will re- 
quire a wide variety of test facilities. 

An excellent run down of prcsent 
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Philco Pioneers a New Science of Super High-Frequency Microwave Communications 


Philco is pioneering in the development of new elearonic communications tech- 
niques ... so reliable rhac transmission of messages is virtually unhampered by 
extremes of weather, vandalism or electronic jamming. 

Called "tropospheric forward scatter”, this new microwave system literally 
excites an umbrella of electrical turbulence in the earth’s lower atmosphere. This 
phenomenon of the troposphere causes the sky to act as a transmitter when excited 
by a radio beam. 

Super high frequency microwave signals (in the 8,000 megacycle range) ate 
beamed at a spot in the troposphere then refracted back to earth in a '"scatter" 
pattern and picked up by the receiving station hundreds of miles away. 

Forward scatter enables high frequency signals to leap mountain ranges . . . span 
large bodies of water , . . even follow the earth's curvature beyond the horizon. 
This new technique enables the use of portable receiving equipment ... a tre- 
mendous advantage for military tactical communications. 

In an extreme National Emergency, tropospheric forward scatter could well 
become our only dependable communications medium. 

At Philco, human resources, plus ultra-modern facilities add up to amazing 
versatility and gigantic capacity. Current activities include research and develop- 
ment in such fleldsas missiles and guidance, weapons systems, electronic computers, 
infra-red, advanced radar techniques, communications and navigational systems. 
In the wonder world of advanced electronics, look to the leader. Look ahead . . . 
and you'll choose Philco ! 


PHILCQ 

6DVERNMENT & iNDUSTRUL DIVISION 

4720 Wissahlckon Ave. 
Philodalphia 44, Po. 

To mm the thitlUn^ o/ adiancing ueb- 
nelogy,iupport the rapid expamioN ofscreatific 
edacalhn. At Poitn, apporlnaitiet are 
aatimited in eUctronic research and engi- 

computer logic design, test an^ evaluation 
and input'Outpui equipmeal design. 
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hypersonic tost techniques nnd equip- 
ment is available in the NATO Ad- 
'isorv Grouj) for Actonaiitieal Research 
and Dcsclopmcnt's (AGARD) Report 
152 by E. O. Pmrson. Jr., of N.ACA. 
rhis report outlines the capabilities and 
limitations of each technique and the 
t\pe of prohleins for uhich each is 
s'uital.le (see table). 

Prolwbh the most important point 
eoiievruing high speed testing abo\e 
Mach 4 or 5 is that no single technique 
or dcsice is able to simulate free flight 
conditions comijletch'. Various parts 
of the prnhlem must be studied 
scjjarately, and considerable skill must 
be used to correlate this data into a 
roinplcte. correct picture. 

Or.linary wind tunnels cinnot simu- 
late free flight eimditions because the 
stagnation temperature of the air at 
about Mach 5 is seriouslv clo.se to the 
melting point of existing tunnel con- 
struction materials. The large pressure 
drop that occurs in the tunnels also 
makes liquefaction of tunnel ait a 
problem. Wind tunnels then arc able 
to hold the correct Mach iiunmcr and 
soiiicu hitf applicable Rcs nold's niiiiiljer 
and are useful for stahilitv and contr.l 
work, drag studies and most other prob- 
Icnis except those that require duplica- 
tion of flic fliglit temperatures above 
about Mach 4. 

Flight Temperature Studies 

One of the primary tools being used 
for heat transfer studies and other 
studies ti;at require correct flight 
temperatures and ciitlialp\' is the shock 
tube. Tlie sliock tube itself is adequate 
to Mach numbers of about 3 but it 


mav be used with a nozzle to reach 
much higher figures. I he prinum limi- 
tations of tlie shock tube tunnel arc 
scry short testing tinits and an inabilify 
to simulate Mach number, enthalp} 
and Reynold’s number at the same time. 
Hither Mach number and enthalpy or 
Reynold's number and enthalpy am be 
maintained. 

Sliock tubes have been used by nian\' 
investigators to studv liigli temperature 
gas effects and flow characteristics about, 
and heat tran.sfcr to. various simple 
small scale shapes. Other experimenters 
have worked with "cold” sliock tuixrs 
that employ helium as a test fluid. In 
this work fliglit enthalpy is not pro- 
duced but flow characteristics about a 
model are simulated up to Mach mini- 
bcTS as high as 20. Problems of oper- 
ating high temperature equipment are 
avoided in this way and one portion of 
the flight problem can he casilv studied. 

•A targe luunber of "hot” shock 
tunnel modifications have been tried 
vvliich ate designed primarily to increase 
llie available test times. Shock tiimicls 
generally create a gas flow of ptccisclv 
known cliaracteristics and their ac- 
euraev- in reproducing data is very good. 

One of the most recent rchncnicnts 
in .sliock tunnel design, which increases 
the available testing time of conven- 
tional equipment up to Z 5 times the old 
figure, iias been placed in use by Cornell 
Aeronautical Laboratorv. This device, 
called the tailcired-interfacc shock 
tunnel, also reduces the attenuation 
problem of large length-to-diainetcr 
ratio tunnels. 

A primary problem of designing shock 
tunnels is that long shock tubes are 



simplifies 
design-procurement! 

It’s the key to a wide range 
of pre-tooled filler capis and 
componente. Units adaptable 
to aircraft, missile, ordnance 
and other activity fueling 
systems. Many combinations 
direct from stock. Why 
duplicate? Write for your 
guide today! 


ANTENNAS 
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did you say 
“MASS 


IN LESS TIME?" 


Thot's right! I said mass troimng in less time. Tests prove 
individuals learn 35% more and remember 55% longer 
through the use of visuol aids. In this day of atoms and 
missiles and flights to the moon the visual aid is an indis- 
pensable tool in communicating ideas to masses quickly. 
Wilding specializes in creating visual aids that sfarfle, 
challenge, persuade and TRAIN as no other medium can. 
Our staff of technicians is ready to research, write, develop, 
implement and deliver complete visuol trolning programs 
on any subject, 

WILDING PICTURE PRODUCTIONS, INC. 



needed ahead of the nozzle so that a 
long pocket of high temperature giis can 
build up behind the shock and a corre- 
spondinglv long testing time can bo olv 
tained. But the longer the tulx! tlic 
greater the attcmiation of the sitock 
wave and the less accurately tire proper- 
ties of the gas in the test section can 
be estimated. 

It is difficult to answer this problem 
b\' using a scrv large diameter and short 
length for the shock tui)c because of 
structural problems. 

The Cornell tailored-interface tunnel 
uses a reflected .shock wa^e technique to 
prov ide relatively long test periods with 
a short tube and little attenuation. 

The tube on this tunnel is 28 ft. 
long, and some tubes with shorter test- 
ing times are 200 or ?00 ft. long. 
Testing Time 

Normally the testing time of a shock 
tunnel is limited to the time interval 
between the arrival of the incident 
‘hock at the nuzzle and the arrival of 
the wave generated by the reflection of 
the incident shock from the nozzle and 
interface between the high pressure 
driving gas and the low pressure drivxn 
gas. If the driver and driven gases are 
at the same pressure and velocits' the 
reflected shock can pass through the 
interface without creating any additional 
waves and the test time is prolonged. 
Proper tailoring at each Mach num- 
her is achieved hv mixing helium and 
hydrogen at specific temperatures. By 
heating the hvdrogen driver gas to 
lOOOK.. full temperature simulation up 
to \fach numbers of 20 or 22 is re- 
ported possible. 

Incrca.ses in test up to 2v times 
normal are possible if a supersonic con- 
vergent-divergent nozzle is placed at 
the diaphragm station that separates 
the high pressure driving gas from the 
low pressure driven gas. If this nozzle 
is not used, test time incroa.se amounts 
tn about 8 times normal. The penalty 
for the longer times is that a different 
nozzle must be used for each Mach 
number desired, and more power is 

Temperature Tunnels 

One of the most important problem 
areas is in providing high temperature 
tunnels large enough to take reasonably 
sized structural models and test them 
for relativclv long periods (minutcsl. 
^'.^CA has completed a 9 hv 6 ft. 
thermal structures tunnel at I.angley 
Field which has a stagnation tempera- 
ture limitation of about 660F. Air for 
this tunnel is heated in a pebble heater. 
Smaller tunnels using hot ceramic 
heaters have a general limit of about 
2.500K. Electric arcs or pla.sma jets can 
reach stagnation temperatures cone- 
spending to liigli Mach numbers but the 
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plasma flow docs not simulate the cx- 
irectcd ait flow in any way. 

One device called a wave superheater 
has been financed by tlic Air Force 
Office of Scientific Research and built 
by tlic Cornell Lib. It will provide i 
test period of minutes and have a one 
fimt square test section. It will have tlic 
'jine general flow characteristics and 
limitations as a shuck tunnel except 
for tlic longer testing time. 

Equipment with tlicse capaliilitics arc 
extrenrely important for structural work 
tinting the next few veats- 
Superheoter Utilization 

I he wave Superheater is c.vsentially 
a large mimbcr of sliock tubes attached 
tn the outside of a large rotating drum. 
Onring each revolution of tliis drum, 
the shock tube is clrargcd with low 
pressure gas, which tlien is driven into 
,1 nozzle and directed into the test sec- 
tion. During every cycle cacii tulx' also 
is fluslicd with a cleaning and cooling 

small snpcriicatcr lia.s been in use 
for some time at Cornell to test the 
operating principles. 'Ihe larger ina- 
cliiue will allow virtually nnliniitcd test- 
ing times for structural siwcimens in 
flow that accnrafclv simulates hvper- 
•.onic heating rates, flow iiattcnis and 
teniperatufcs. It will rotate at about 
2,600 rpm. and the temperature varia- 
tion around the rotor will be about TO 
to -10 deg. The rotor will be prclicafcd 
tn 6s01‘' licfore the tunnel is started. 

The limiting factor in this tuunel's 
oiK.T,ition is the amount of helium g.is 
it will use. In 7,200 seconds of oper- 
ation it will consume about 2.7 million 
eu. ft. .\vailability of this gas is critical 
and consumption is closcTv regulated. 
Also, storage prohlems can Isccome of 
major importance when testing times 
arc long. 

Test Section 

llie nozzle of the test section fed 
by the wave superheater’s rotating drum 
cm be cooled and used for adequate 
lengths of time. l)ut they will erode and 
have to be replaced often. 

Roeket models will undouhtediv he 
used for many years to come to pro- 
vide much valuable information under 
concct test conditions. But thev still 
have scale problems, arc relativclv 
costly, provide somewiiat limited data 
from each shot and preclude close 
observation of flow phenomena. 

Ballistic ranges have been improved 
greatly over the last few vears and new 
light gas propulsion schemes have rc- 
|)laced older gas and explosive-powered 
guns, i’hey have been useful at rela- 
tively low hypersonic speeds for de 
lermining skin friction drag, total dr.ig, 
boundary layer conditions, and dvnainic 
qualities of basic shapes. V 
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MULTI-CONDUCTOR CABLES for MISSILES and ELECTRONIC APPLICATIONS 





MULTI-CONDUCTOR CABLES OF THERMOCOUPLE MATERIALS 



HIGH TEMPERATURE CABLE . . . 



EKTRA FLEXIBLE (ABLE • • • 


THERMOCOUPLE WIRE AND EXTENSION WIRE . . . 
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Athena, the Univa^Ground Guidance Computer 
for the Air Force ICBM TITAN is a fast thinker 
— phenomenally fast. 

At each point in its powered flight, there arc 
an infinite number of paths the missile might fol- 
low. Only one represents the optimum trajectory. 
Athena must, therefore, make decisions involving 
months of human calculation in split seconds. An 
infinitesimal error could cause the missile to com- 
pletely miss its target. Traveling at speeds up to 
15,000 miles per hour, the missile continually “asks” 


IMMEDIATE OPENINGS FOR: 
SYSTEMS ENGINEERS-Advanced 
degrees In Engineering, Physics or 
MMhemalicswilhsysleiiuand logical 
design eipeiience on digital data 
processing systems. 


FIELD SERVICE ENGINEERS-Two 
or more years field eiperience on 
radar. TV and/or data-processing 
equipment. 


Athena “Which way?” — and faced with untold 
millions of possible answers, the computer instantly 
gives the right one. 

Fast thinking . . . the result of hard thinking and 
hard work on the part of Univac scientists and engi- 
neers. Univac is proud of the work these men are 
doing. In both the military and commercial fields, 
Univac offers experienced scientists and engineers 
full recognition of their achievements and an un- 
limited future in the field of electronic computers. 

Investigate the opportunities described below. 


RADAR ENGINEERS-E. E.'s or 
Phyaicists with five or more years 
experience. Knowledge of pulse-radar 
and electronic counter-measure 


Address replies to: MR. R. K. PATTERSON. Dept. 3-13 

~MtoMuL ~Ug»S^un. 


Univac Park •, St. Paul 16. Minnesota 



Canaveral Supports Space Exploration 


Onlv a vear after the first test firing of tlie first U. S. intercontinental 
ballistic missile, the Air I'orcc Missile Test Center is well on its wav into its 
role of supporting tlie exploration of outer space. 


( nr six months this S-lOO million 
complex of range and test facilities has 
been the take-off point for U.S. satel- 
lites. W ithin the next fesv montlis the 
center will serse as the launch site for 
the first teiitathe probing into lunar 

Center Has Dual Role 

N'ot far bcliind will come tlie test 
sehicles for iceomiaissance satellites, 
bio-satellitcs and nian's attempts to 
reach out to the realms of the nearer 
planets. 

.Ml this has been imposed on top of 
Its rapidly expanding burden of sujsport- 
ing tests of medium and long range 
missiles for all three services. 

'ITiis double rote lias broiiglit about a 


expansion in pet.soimel and operat- 
ing costs in t«o years' time. W'ith its 
liic.itioii rclativelv near tlie equator and 
in a position to take advantage of the 
eartli's rotation by laimching space ve- 
hicles eastward, its role of '‘space port" 
will continue to expand as rapidly as its 

The Missile Test Cenler. under the 
coininand of US.M'' Maj. Gen. IDonald 
N. Yates, is tlie largest and most in- 
tiicafclv instrumented range complex 
in tlie west and perliaps in the world. 
It is a center of the .\ir Research and 
Development Command. 

It consists of 221 separate parcels of 
real estate scattered along the central 
part of Morida’s c-asteni shoreline and 


strung more than 5.000 mi. southeast- 
ward aCTOss the .Atlantic Ocean tu 
.Ascension Island, below the bulge of 
the W'ost African coast. 

Main pirts of tlic center .arc: 

• Patrick Air Force Base, an 1.822-aete 
installation on tlic site of the old Banana 
River Naval Air Station, 'lliis houses 
tlie center’s headquarters and its ad- 
ministrative, engineering, logistics and 
aircraft operations. 

• Cape Canaveral Auxiliary AFB, 18 
mi. north nf Patrick. This H,515-acre 
triangle of sand and palmetto is Range 
Station No. 1 of the Florida Missile 
Test Range, and the launch site for all 
the center’s missile firings. In addition 
to its laiidiiig-stcips. conctctc launcliing 
pads, service towers and blockliouscs, 
it is the site for central control of the 
tuugc, radio transmitters and receivers, 
teleiiietrv receivers, missile assembh 



mparison tcchniiiue to track ballistic i 
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UNDER CONTINUOUS STRESS: 

Creep can ruin 
your best designs! 


\'"i3xr 


Whether your creep problem is sagging socks 
or stretching struts, the result Is pretty much the s&mc : 
Things don't hold their shape the way they should, 

Garters wc don't have. But we do have new titanium 
alloys which offer a rare combination of excellent 
creep resistance plus light weight (density 0.163 Ib/cu. in.), 
great tensile strengths (to 175,000 psi). 
and outstanding corrosion resistance. 

In bar and forging slock, there's Ti-8AI-lMo-IV. 

Its .short-time elevated temperature properties are similar 
to Ti-6Ai-4V. one of the most widely used titanium alloys. 
Yet "8-1-1" offers as much as a tenfold increase 
in creep strength between 600" F. and 1000* F. This means 
that, for an equivalent stress level, Ti-8Al-lMo-lV 
raises the effective operating temperature ISO' F. 

In sheet slock, there's Ti-4AI-3Mo-lV, 
which offers excellent formability because of good tensile 
elongation, bend ductility, and low yield strength 
in the solution-treated condition. Yet this alloy can be 
heat-treated to strengths of 175,000 psi. 

At Toronto, Ohio, Titanium Metals Corporation 
of America is now operating the world's only plant designed 
and instrumented solely for rolling and forging lilaniam. 
With this facility. TMCA can furnish you 
the best quality metal, on the fastest delivery schedule, 
at the lowest possible price in the industry today. 
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buildings, guidance laboratories, a 75- 
ton pet dav Air Products, Inc., liquid 
oxvgen plant, optical and pliotographic 
tracking equipment, and support build- 
ings such as the power station. ,\t its 
south end a deepwater port is being 
completed to handle ocean going ves- 


sels involved in Navy’s Polaris Sect 
Irallistic missile program. 

• Tlie range itself, consisting of 1 1 
major downrangc tracking stations, one 
on the i'lorida coast and the rest on 
island of the Bahamas and West 
Indies and out to Ascension; a dozen 


sinall telcmctrv and optical tracking 
stations scattered along the mainland 
and manned only during tests; and 11 
ocean range vessels that bridge the 
5.-150 mi- gap between St- Lucia Island 
(Station 10) and Ascension (Station 12). 
'Hic eleventh station, on the island of 



TITAN blockhouses designed by Blaw-Knos Co. are under constmrtion at Cape by Diversified Builders, Inc., of 
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Left to right: 1 Containers (5,000 psi), 2 ReUef Valve, 3 Check Valve. 4 Priority Valve, 
9 Pressure Reducers, 6 Filter, 7 Solenoid Valves. 


Six minutes at 600 degrees F or for shorter periods up to 

1000 degrees! That's the life expectancy of these and more than 
100 other quaiified pneumatic system components which Kidde 
has on an off-the-shelf basis, If you are developing pneumatic 
equipment for missiles or manned aircraft which involve high or 
low temperature applications, write Kidde today. 

Kidde’s available, proven pneumatic components plus Kidde’s 
years of experience with pneumatic systems can save you many 
hours — and dollars in development effort! 


Walter Kidde & Company, Inc., Aviation Division 
618 Main Street, Belleville 9, N. J. 
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Fernando de Noroiili.i 500 mi. off the 
Brazilian coast, is being completed now. 
In addition, a Minitrack station has 
been installed on the island of Antigua, 
north of St. Lucia, to monitor Van- 
guard and Explorer sitcllites. 

$10 Million Payroll 

Although it has been only eight years 
since the first missile was fired from 
Cape Canaveral and only Eve years 
since the center became operational, 
pavtoll for military and civilian govern- 
ment employes (plus a few small ex- 
penses) totalled 59,670,000 in a recent 
month— up more than 53 million from 
the same month in 1957- Annual op- 
erating costs run at about 5100 million. 

Population of tlie center now stands 
just below 17,000. This breaks down 
to 2.800 military; 2,500 civil service; 
4.000 missile contractor personnel, and 
7,500 range contractor personnel. Since 
the center's growth began there also 
have been sesctal hundred construction 
contractor personnel in the area. 

Pan American World Airsvays, Inc., 
is the principal range contractor, taking 
care of the hou.sekeeping duties and 
running a downrange airline oiit of 
Patrick to service the tracking stations. 

Radio Corp. of America, as sub-con- 
tractor to Pan American, operates and 
maintains most of the instrumentation 
at Canaveral and along the range, and 
performs engineering and data reduc- 
tion work at Patrick. 

Range and contractor personnel 
breakdow n by locations is: 

• Patrick AFB. Pan American. 1.000; 
RCA, 1,600; missile contractors, 480- 

• Cai>c Canaveral. Pan American. 2.- 
100; RCA. 590; missile contractors. 
5,500. 

• Downrange. Pan American, 1,170; 
RCA. 580; missile contractors, about 
70. 

The range has grown step by step 
to meet the needs of missile contrac- 
tors. Sites as far downrange as Station 
7 on Grand 'I'urk Island have been 
operating for 4i vears to support firings 
of the tactical Martin Matador and 
Northrop Snark intercontinental cruise 
missile. 

Station 8 in the Dominican Republic 
was not activated until late in 1956, as 
the increasing range required in Snark 
tests made it necessary. 

By the time that Armv Jupiter and 
USAF-Doiiglas Thor intermediate range 
missiles came into the test firing stage 
last spring, stations were ready for them 
a.s far downrange as early tests called 
for the missile to go. 

'Ihc lonely downrange sites arc 
manned bv an average of 80 to 180 
civilian teeJinieal people. Size, locatiun 
and composition of the station depends 
on the type and quantitv of the tracking 
instrumentation called for. 

A typical station includes a pair of 
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TRANSMITTING AND RECEIVING 
TELEMETERING EQUIPMENT 


TWO fm/pm 

RECEIVING 
STATION SYSTEMS 

T6RS-100 Stations are designed for eiliier real 
time reception and demodulation or demodulation of 
tape recorded data. Plug-Ins, subcarrier band selec- 
tion, provides complete fle>ibilltjr In the use of this 
equipment for in-plant, field Installations and related 
applications. 

TGRS-600 Stations are used for extremely pr^ 
else demodulation of FM/FM subcarrrer signals on 
all standard bands through use of a single band- 
selector switch. 
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A new aircraft proximity warning system developed by Decker Corp. uses Modulated Light 
to detect the approach of aircraft from any direction from as far away as 5 to 7 miles. 

Planes are able to estabiUh their reiative positions in pienty of time to avert collision. 

Light transmitted by the modulating technique as it is now developed cannot be seen 
(when transmitting with invisible infrared or ultraviolet), jammed, or intercepted by any 
known means. Modulations are produced by transmitting light through a thick plate of glass 
set in ultrasonic plastic vibration. The vibrations aiter the optical properties of the glass, 
varying the polarization of transmitted light. Accessory polarizer and quarter wave plates 
permit several types of modulation. Reception is accomplished by means of "tuned-in” 
sweep mirrors, photoelectric cells, and demodulating equipment. 

The potentials of modulated light go far beyond aircraft warning systems. Its uses extend 
to the entire field of communications . . . especially where silent, invisible, jam-proof 
communications are required. Inexpensive and uncomplicated light modulating equipment 
can be used to transmit secret information over considerable distances without fear of 
detection. If you’d like to find out more about the exciting potentials of modulated light, 
we’d welcome an opportunity to demonstrate the technique to you. 
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nidars to track and record the missile's 
position; a telemetry receiving station 
to pick up the bulk of intelligence from 
the missile in flight; cnmmuniwtions 
and a command transmitter to control 
01 destruct the missile; a liming gen- 
erator, and a u’catlicr observation sta- 
tion. Stations near impact areas also 
maintain photogr<i])liic equipment. 

Each station has one .\ir Korcc offi- 
cer in comntand. plus a civilian com- 
niantlct. The rest of its complement 
is contractor cmplovcs. Each station 
must be self-sufficient, maintaining its 
own food, medical, fire, secutity and 
recieation services and motor pool, and 
often relying on rain catch basins for 
its water. Nine ha\c small airfields. 

Mie eleven electronic picket ships, 
ojscrating out of Soutli .American and 
African ports, range from 150 to 5,500 
tons and carry special teiemefry antcii- 
lias and receising and recording equip- 

llie center's 42 aircraft include a 
speciallv-cquippcd B-17 that flies the 
range before a shot, sux-cping it with 
radar and relaying tin radar return to 
the Central Control Building on tiic 
Cape; and a C-lsl interference moni- 
toring aircraft that watches the dozens 
of radio frequencies used in tests. 

Cape Canaveral’s lauding strip will 
aecoinniodate C-124 Globemastcrs and 
the Douglas C-133. Missiles ate as- 
sembled and checked uut in the indus- 
trial area, composed of !7 large, liangat- 
likc buildings. 

Contractors now active at the Cape 
include Martin Co. ( Titan and Mata- 
dor), Douglas .^irctaft Cotp. (Tlior), 
Lockheed .Aircraft Corp. (Polaris), Boe- 
ing Airplane Co. (Bomarc). Comair 
Division of Cencr.il Dinamics Corp. 
(Atlas). Nortlirop Aircraft. Inc. (Snark). 
I'airchild Engine and Aircraft Corp. 
(Bull Goose). Nortli .American Aircraft, 
Inc. which has just cumpleted its initial 
Navalio program; Chrysler Corp. (Red- 
stone and Iu|)iterl and a number of 
component contractors sucli as General 
Electric. .Ai co and Rockctdyiic. 

Three main iauncliing areas mark tlic 
Cape's coa.stline. Smaller missiles in- 
cluding Matadors used in opcr;iticm;il- 
training firings, arc iatmdied from a 
Iwttery of simple jrads at the Cape's tiji. 
To the south arc Redstone. Jupiter, 
l liot. Vangu.ird and N-n-alio areas, ;md 
along tlic northern side are four .Atlas 
pads, four Titan comple-\ts now under 
cmistruction. and an underground in- 
stallation for the Polaris ship motion 
simulatot-launclier. 

So far. space vehicles hai-c not called 
for appreciable modification of launcli- 
ing and scniciug equipment. A'an- 
guard has its own jiad and tower, and 
Explorer satellites, launched with the 
Jupiter-C test s-oliicle, base used ex- 
isting Army facilities. 

Senicing of the 'niot-Vauguard 
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AIRCRAFT 

Armaments, inc. 

Cockeysville, Morytond 

UNITED INDUSTRUl CORP. 


CUT cleaning COSTS! 


l/ERSATILin 


N ow— reduce cleaning rxwts and maintenance time with Wyandotte’s 
complete line of specialized cleaning products for use in airline 
modification and maiiitenanee, and aircraft manufacture. Many of 
tlie.se are special compounds meeting government .specifications. For 
additional information on any of these proven products, call your ex- 
pcriencad Wyandotte service representative— or mail coupon, Wyandotte 
Chemicali Corporation, Wyandotte, Michiyan. AUo Los Nietos, Calij. 
Offices in prhieipal eilles. 



SPICIAUSIS IH AltCIAfT-CieASINa PIODUCTS 


■ -- -- .MAIL COUPON TODAY! ■ - _ - « 

I Wyondette Chemieols Csrperatlon I 

I Dept. 3055, Wyandotte, Michigan | 

I Please send infermotion en: ■ 




Only Lockheed has 3 jet trainers in production: the 
USAF T-33, in which 9-out-of-lO U.S. jet pilots were 
trained; the T2V-1, U.S. Navy’s first carrier-based jet 
trainer; and the tandem-seat trainer version of the F-104 
STARFIGHTER— world’s fastest, highest-flying jet aircraft. 



Present military thinking indicates 
that supersonic manned combat 
aircraft will continue to play a vital 
role in our U.S. defense plans for as 
&r as we can now foresee into the 
Space Age. Because this is true, 


there will be an accompanying need 
to train pilots and crews for these 
aircraft, and to maintain their pro- 
ficiency at high levels. 

Tile low cost two-seat F-104D 
STABFJCHTER is the world’s fastest, 


highest-flying operationa! jet trainer 
plane— ideally suited for the train- 
ing of U. S. Air Force Space Age 
pilots of the future, to whom 
supersonic speeds and stratospheric 
flights will be daily routine. 


liOCKHEED means leadership 


LOCKHEED AIRCRAFT CORPORATION. CALIFORNIA DIVISION! Burbank and Palmdale, California 
JET FIGHTERS • JET TRAINERS • LUXURT AIRLINERS • PROP-JET TRANSPORTS 
AIRBORNE EARLY-WARNING AIRCRAFT • ANTI-SUBMARINE PATROL PLANES 
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combination known as 11ior-.\blc was 
accomplished from a 'llior tower. I''ut- 
thcr modiScation of IRBMs and 
ICBMs, liowevcr, might call for spe- 
cial equipment or changes in existing 
seniee towers, ground liandling equip- 
ment, trailers, etc. 

Air I'orce's lunar probes, for instance, 
will consist of a T hot topped b\' an 
Aerojet second-stage Vanguard engine, 
topped by a third stage and nose cone. 

Since Thor test lehicles canyiiig 
components of Pied Piper reconnais- 
sance satellite, and later tlic planetars' 
probe sehicles, ssill be fired from 
Canaseral. a great deal of tliought has 
to lie giseii not only to tlic added 
workload but to the peculiar handling 
and tracking requirements of these 
sehicles, 

Xetse center for control of firings 
ftimi the Cape i.s the Central Control 
Building. Pan Amcrie.in's superintend- 
ent of range operations heads a team 
consisting of RCA communication, in- 
strumentation and interference-moni- 
toring managers; I’AA’s range cleanince 
manager; an Air P'orce weather fore- 
caster and range safety officer: the air- 
craft coordinator, and the missile proj- 

Riingc instrumentation includes higli 
speed cameras and theodolites, tsvo 
Doppler sclocitv and position svstenis. 
tlie iOO-iii. focal lengtii ROTI camera 
fur p!iotugra|)hing missiles in flight up 
to 200 mi., other tclcmetiv and radar 
systems, and the .\ausa impact pre- 
dictor ssstein, whicli emplovs elec- 
tronic phase comparison techniques to 
determine position of ballistic missiles 
out to altitudes of seseral hundred 
miles. Azusa ine-.isures direction cosines 
to an accuracy of tsvo parts per million 
and can detect changes in position of 
1 5 to 30 ft. up to a range of 300 miles. 

Pour telemetry antennas allow the 
range to cover tlie 5,000 mi. trajectorv 
of a ballistic mis.sile. The si'stem in 
use now collects as many as' 250.000 
data points on as mans' as 173 st'iwtate 
functions per Right. 

Radar tracking data from downrangc 
i.s fed hack to the Cape via submarine 
cable, and infonnatioii iiecessarv for 
control during fliglit goes dircctlv into 
an IBM 704 computer. 

At the end of a flight, data is reduced 
autoniatically in otiicr coniputets and 
processing facilities and translated into 
a I'liglit l est Report for tlie sers'icc or 
contractor w-hnse missile has been fired. 

In addition to its testing, test support 
and cs-aluation missions, and its new 
space support mission, AP'M’rC also 
has responsibilih' for organizing and 
training military crews in checkout, 
maintenance and firing of production 
line missiles. Matador, Snark and 
Bomarc units already have been trained 
there. ■ 


New high pressure gauge passes 
25 G **forture test" with ease 



The Atlas ICBM and B-52 bomber are two of the oewer space age vehicles to use 
the RMC-Lindsay high pressure gauge. In both laboratory test and actual use, this 
gauge has met all requirementa with room to spare. 

The RMC-Lindsay Gauge is a multiple-coil, helical bourdon tube type, restricted 
for over-pressure. Tbe pointer is attached directly to the end of the coil, eliminating 
the use of linkages and pivots. 

The helical bourdon element is, of course, not a new development. However, the 
RMC-Lindsay techniques in coiling, heat treatment, calibration and material 
specifications are new — and exclusive with RMC. 


PRESSURE RANGE: Pressures in ranges 0 to 1,000 p.s.i. up to 15,000 p.s.i. with 
retard scales available. OVERLOAD PRESSURE: Nominal overload pressure 
factor of 2.0 times the maximum dial reading (hiiher factors available). BURST 
PRESSURE: Normally 3.0 times the maximum dial reading. TEMPERATURE: 
Not affected by temperatures up to 250°F, VIBRATION: Qualification test report 
available on pressure tests showing cycling, vibration, from 0 to 2000 cps. at 25 G’s, 
and resonant frequency vibration tests at 25 G’s. SHOCK: Data available on 
MIL-E-52T2A shock test at 40 G’s (satisfactorily drop tested up to 900 G's in 
special tests). PULSATION: Practically unaffected by line pulsations of 3% of the 
full dial reading, ENDURANCE: 10,000 cycles up to 250,000 cycles, depending on 
application. ACCURACY: Hysteresis friction and backlash are below readable 
limits. Absolute gauge accuracy to 1 average, 1 % wheo requested. 

Whatever your high pressure gauge problems may be, why not let RMC engi- 
neering skill provide the answers. Write to either of the addresses below. 


ROCHESTER MFC. CO. OF CALIFORNIA 
93 Beocen Place, Posadena, California 
ROCHESTER MANUFACTURING CO., INC. 
221 Rockwood Street, Rochester 10, N. Y. 


LIKID5AY:-1»BES5UftE_ggUT;ES " ■ 
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Decided Advantages for 

MISSILES AND AIRCRAFT 

Ground Support Equipment 


iehlE 


BKter 


More capacity and wider pressure ranges per cubic foot of 
space occupied are significant reasons why Miehle-Dexter 
3-Lobe Rotary Positive Blowers have been the standard for 
years for mobile aviation ground equipment. Another 
important factor is the substantially lighter weight. But most 
important of all is the dependable performance under the 
most severe operating requirements you can expect from 
M-D Blowers. The performance figures are convincing. 
May we send them to you? 


MIEHLE-DEXTER DIVISION, RACINE, WIS • TELEPHONE MELROSE f.5521 • Another Product of MIEHLE-GOSS-DEXTER, Incorporated 
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Vital Role Set for New Missile Range 



Launch sites and range facilities 
Pacific Missile Range ate slated for 
nologt- and the advance into space. 
Notable ones will be: 

• Launching of polar orbit satellites, 
including militatv reeoitnaissance cle- 

• Training of first US.^l-' ballistic mis- 
sile .squadrons, including actual firings. 

• I'raining and confidence shots of 
Nasy's entire missile arsenal by opera- 
tional fleet units- 

• Research and dcs’clopment fliglits of 
Navy cruise missiles and adt anced small 
and iniddle-siaed rockets. 

Pacific Missile Range is the Navv-Ied 
tri-scnice administr.itise agencs' charged 
with coordinating all M'est Coast mis- 
sile activities which cannot be confined 
within the boundaries of a single mili- 
tary rcsersation. In other respects. 
Cooke Al'B and Navy missile sliips us- 
ing the range retain their autononn-. 

Nava! Air Mis.silc Test Center at Pt. 
.Miigu. svliich is the nucleus of PMR. 
and the nowlv cominissioucd Na\-al 
Missile Facility-Pt. .^rguello ate the 
tmly full-time PMR bases, being di- 
rectly under the command of the Pacific 
Missile Range commander, Rear Adin. 
Jack P. Monroe. 

Pt. .^rguello is seen bv Navv as a 
base for all sersices and cisflian space 
agencies, but the degree of usefulness 
to other sersices is not yet clear. Arms 
lacks a suitable West Coast launch site 


in the loosc-kuit confederacy of the 
important missions in rnilitarv tcch- 


and small rocket range. Naw Iras asked 
S5.6 iniliion to support Army firings 
ill iie.vt sear’s budget. US.M'’ has Cooke 
-•U' B to use as site for operational, train- 
ing and research firings of ballistic mis- 
siles. satellite teconnaiss.auce scliiclcs 
and rc.seatcli rockets, but lacks a good 
West Coast range for small air-to-air 
and air-to-groirnd missiles and iiistru- 
incnt.ition for the bigger shoots. 


Neither .Army nor .Air Force has cur- 
leiit plans to use .Argiicllci. Nasy is seek- 
ing space research projects to commence 
firing at Arguellci sometime after 
spring of 1959. Base should be in full 
itperatiiin by the end of 19fi0, 

Proximity of PMR bases to Southern 
California aviation and clectmnics in- 
dustries winch supply many of the na- 
tion's missiles may lead -Army and .Air 
I'orce to do some testing of small and 
middle-sized missiles tlierc rather than 
at eastern or inland bases. 

Bases in the Pacific Missile Range 
complex are favored by geogr.iphy for 
some space rcscarcli. peacetime strategic 


AVIATION WEEK, Ju 


6. 19S0 


197 





Genera/ Electric Announces New Constant-speed Unit 

6-LB 12-KVA DRIVE 



ONLY 3V^ INCHES IN LENGTH AND DIAMETER, NEW DRIVE IS 
IDEAL FOR NARROW-SPEED-RANGE ENGINE APPLICATIONS 





Plessf 9«n<l ni> "Slip D/lva" bullalin, GEA-4814. 


T^grtss Is Our Most Itnporfsnf T^oduct 

GENERAL^ ELECTRIC 
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missile and reconnaissance satellite 
shots. Mugu and Cookc-Argiicllo are 
located at opposite ends ot a 100 mi. 
stretch of coast iiortlisecst of Lus An- 
geles and on opposite sides of Santa 
Barbara. The shoreline tuns straight 
vest from Santa Barbara to I’t. Argiidlo 
vhetc it turns straight north. 

Ilie nasal missile faeililv is located 
there on the south 20.000 acres of 
.Vtniy's old Camp Cooke. Cooke Ah'B 
is ininicdiatclv adjacent on the north 
(H.OOO aaes of the old .Ann;, resersa- 
ticin. I-'rom this position on a right- 
angular point of land it is possihle to 
file long range rockets over the Pacific 
Ocean on any conr.se from south to 
west by northvfst without endangering 


Launch to the north or south is ob- 
siously necessary to establish a satellite 
in a polar orbit. No other existing U.S. 
base can use the.se directions and only 
a polar orbit offers the chance of scan- 
ning the entire surface of the earth 
witRiii 12 hr. .\nv militarv reconnais- 
sance satellite sudi as that expected 
to grow out of the WS-117L program, 
is likely to require a polar orbit to 
co\cr the northernmost regions of the 
Soviet Union- 

Use of satellites tor meteorological 
leseatch or routine weather data collec- 
lectinn is likely to involve Pacific Mis- 
sile Range because of the advantages of 
a polar or near-polar orbit for produc- 
ing a synoptic picture of world weather. 

i'runi the standpoint of performance 


Cowplefe 

Atorfp 

AND OVERHAUL 




/QUALIFICATION TESTS 
/ EVALUATION TESTS 
/ PERFORMANCE TESTS 
/ ENVIRONMENTAL TESTS 

/AND OVeHHAUL FACUfTieS 



AIRCRAFT 
EOUIPIWENT 
TESTING 
COMPANY, Inc. 

1812 FLEET STREET 
BALTIMORE 31, MD. 

For esrimate, call Harry Kupiec 
ot ORleans 5-2222 
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Conrad designs and builds environmental lest chambers exclu- 
sively. Our full resources of research, engineering, and manufac- 
turing are devoted to producing those facilities which permit you 
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tcquiretl of the propulsion ss-steiii. the 
polar orbit is iinattractise because no 
1,000 nipli. boost is supplied by rota- 
tion of the earth, as in the case of «est- 
to-east equatorial orbit- Because of this. 
Pacific Missile ILaiige is unlikely to be 
assigned lunar probe launchings or fir- 
ings into more distant space. 

'lliese more advanced space research 
projects will fire as dose to due cast as 
possible with the given mission to get 
the advantage of the rotational boost. 
This makes the .Atlantic missile range 
at Cape Canaveral the logical choice 
for a launching site. 

WTien 10,000 mi. missiles and boost- 
glide bombers similar to Dvnasoar teach 
tlie flight testing stage a westward 
launch may be found desirable to mini- 
mize actual range, while simulating 
polar or eastward flights of much greater 
range. Impact areas in the Padfic Ocean 
arc available to the west of Cooke AFB 
aud Pt. Atguello which could not be 
reached from White Sands or Canaveral 
without overflving major dties. 

To the East, PMR bases are sepa- 
rated from the desert onlv bv sparsclv 
settled mountains. This makes it pos- 
sible to launch cruise missiles and 
smaller rockets inland. 

Pacific Missile Range was acated 
when it became apparent that the two 
existing major ranges at Cape Canaveral 
and W'hite Sands would be inadequate 
for planned firings because of saturated 
schedules and lack of long range cor- 
ridors to tile south and west, 'llie Sec- 
retary of Dcfcn.sc's Cuminittee on 
Adeqnacv of Range Facilities was ap- 
pointed a year ago to find a solution, 
and recommended the creation of PMR. 

Navv was chosen to manage it be- 
cause the Nava! ,\ir Missile 'I’est Center 
at Pt. Mugu offered a fully established 
nucleus around which PMR could be 
organized. Also Navy was only service 
without management respmisibility for 
a major missile range, blcvv range vv-a.s 
formally conceived by a Defense De- 
partment directive on Dec. 7. 1957. 

Twelve-ycar-old Mugu has an instru- 
mented sea range 500 mi. long bv 250 
mi. wide vvitli 18,000 acres of land, in- 
cluding a chain of off-share islands 
which arc used for launch pads and in- 
strumentation sites. 

In the current fiscal budget, S21 mil- 
lion have been allocated nit construc- 
tion of PMR facilities, .^rgnclio will 
receive SIO million of this and the re- 
mainder will he spent on instrumenta- 
tion along the coast and at San Nicolas 
Island, the major offshore installation. 
Construction program will spend $150 
million in the next four or five vears. 
Work will begin at .Aiello in July. 
•\rchitectural and engineering contract 
is held bv .^c^ojct-Geller.ll. Navv ha.s 
asked $54. ! million for PMR in the 
amendment to the Fiscal 1959 budget. 

Anothcr $100 million is lx.-ing spent 
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THE MISSILE MEN 


From the earliest Assyrian “artillery missile"— with 
the flint-tipped warhead and hawk feathers for a 
guidance system — the fate of nations has been in 
the hands of the missile men. 

Today, our strength in military missilery may hold 
the key to survival. 

Martin based its long-range planning on that proba- 
bility in 1946 with the development of one of this 
nation's first successfully operational guided mis- 
siles. The result is the total missile concept. 
Under this concept, far more is involved in missile 
system contracting than the design and produc- 
tion of hardware: 

The testing, packaging, delivery, maintenance, 
launching, operation, field training and contractor 
service requirements make up the total story of 
missile performance. ..in the air, and operated by 
the military personnel. 

The heavy demands of our country's greatly accel- 
erated missile and space development programs 
now emphasize the importance of Martin’s total 
capabilities as a major resource for the military 
and astroscientific branches of the governmeni 
Among those capabilities are three plant facilities 
which include the newest and%iost advanced 
missile development centers in the world. 

Also part of these Martin capabilities is one of 
the great U. S. resources in manpower; More than 
3,000 specialist engineers, trained and teamed 
in the total missile concept. 

This is one of the few systematically organized 
companies of genuine Missile Men in the country. 



BALTIMOfRE- - ORLANDO 










MEMO TO AIRCRAFT AND MISSILE DESIGNERS: 

Call on Tactair for dependable 
hydraulic and pneumatic components 

If so, it will pay you to investigate (he advantages of working with 
Tactair. Solving the unusual problem, meeting ultra-critical performance 
specifications, providing precision, high-pressure, high-performance 
valves of the utmost dependability is our job. To do this requires a rare 
combination of creative engineering and specialized manufacturing skills, 

To these must be added precision equipment and long experience with 
weapons system components. Tactair has ali these essentials. 

A wide variety of Tactair valves and components arc performing 
essential functions in today's aircraft and missiles. Typical components 
produced by Tactair include; solenoid selectors, brake controls, master 
brake cylinders, sequence valves, manual seleetors, controllable checks, 
restrictors and check valves. Tactair has also developed a servo amplifier 
for the first completely- pneumatic autopilot for business aircraft 
and is the sole producer of a commercial pitot-static tester — a portable 
laboratory of indicating instruments that makes possible the flightlinc 

We welcome the opportunity of assisting you with your next precision 
valve problem. Every job we du is done on a personalized basis; it has 
been chat way for 18 years. Tactair Valve Division, Aircraft Products 
Company, Bridgeport, Pa., BRoadway 5-1000, 

CONTROL, SELECT, BRAKE, RESTRICT, CHECK 

Circla Nvicber 133 or Roodor-Sorvico Cord 
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at Cooke Ak'B and ntttch of tlic wotfc is 
nc.iring completion. Cooke is an opera- 
tional base for .-\tlas ICBM sqiiadtrms 
of the k'itst Strategic Missile Disision 
of Sttiitcfic -\ir Coiiiniiiitd. Cooke svill 
also tiain all of USAl"s Thor IRBM 
crews, and many Atlas crews. I'iist full 
scale Atlas for class room training was 
recently delivered. 

First PMR Thor Launch 

Cooke will launch its first 'I'hor 
iitfo the Pacific Missile Rttnge this fall. 
British Roval Air I'orce 'llior canvs will 
begiit to arrive for training in July. Con- 
struction on I'hor pads and ground serv- 
icing equipment is over 80^ complete. 
Primary missions of Ccxtkc are opera- 
tional and training rather than develop- 
ineittal but lir e training shots will pioh- 
ablv carry telemetry to wring the last hit 
of value front each expensitc firing. 

Inland range of PMR has already be- 
gun operations. It runs from launch 
sites at Pt. Mugti or San Nicolas Island 
to the Arms Diigway, Utalt Proving 
Ground or the AEC test site at To- 
nopah. Nevada. Only missile now using 
tlic inland range is Cliancc Voiight 
Regulus II, wlticli Iscgan runs there lute 
last month, 

Regulus runs ate being scheduled at 
tlic rate of one per week with Nasv and 
Cliance Vought administering alternate 
flights. CItance Vouglit has also been 
given operating contract for instrumen- 
tation of inland range. Mobile iiistni- 
meiit vans and trucks ate driten to pre- 
simeved sites shortlv before a run is 
scheduled, k'itst run wa.s a warhead fir- 
ing mechanism test and the missile ran 

Civilian operating contractors will 
have more limited sc<^ in Pacific Mis- 
sile Range titan at Canaveral because 
Navy is convinced it can handle the 
management function more economi- 
cally by itself. Operating contractors 
usually will be limited to handling such 
jobs as running transportation jinols or 
(/Iterating single instrumentation sliips 
and advanced base tracking sites. 

Construction at N.MI-' Pt. .Arguello 
will include only technicnl and training 
facilities. Living quarters and recrea- 
tion facilities hir Arguello personnel 
w ill be at Cooke Al 'B or in nearby civil- 
ian conimiinities. Roads in tlic Argucllo- 
Cookc area ate not well developed and 
the Navy facility will be largely de- 
pendent on the airfield at Cooke for 
logistic support. 

Present 4.200 ft. tunwav is inade- 
quate and ,\ir Force is laving down new 
fi.500 ft. strip to handle Douglas C-124 
and C-H' ballistic missile transports. 
Constructimi at Cooke is adminis- 
tered by .Army Corps of Kngineers. 

Since the primarv missions at Cooke 
ate wartime operational and training 
sliots rather than research and develop- 
ment firings, tlic missiles will not or- 




OXYGEN 

SPECIALISTS 


Pressurization 
and Environmental 

OXYGEN BREATHING 
EQUIPMENT 


THE FIREWEL COi. INC. • AERONAUTICAL DIVISION 
Aircraft Regulating Controls • 0*jge« Breathing Equipment 
3685 BROADWAY • Oepl. A-17 • BUFFALO 25, N. Y. 
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“Ceromo” thermocouple wire is de- 
signed specificall) for severe condi- 
tions— conditions where ordinary ther- 
mocouple wire is inadequate. “Cera- 
llio'’ design, pioneered and de\ eloped 
by Thermo Electric, includes thermo- 
couple material conductors with ce- 

shealhing. Lse this versatile wire to 
solve your problems of high tempera- 
ture, moisture, abrasion, pressure, 
chemical or corrosive action, and dif- 
ficult installation. 

For a given application, “Ceramo” 
will outlast comparable standard types 
many times — w ilh no significant dif- 
ference in response. You can form it 
to almost any shape without shorting 
or grounding — thus simplifying in- 
stallation in previously inaccessible 
spots. ‘’Ceramo” tliermocouples can 
often be used bare where protection 
tubes would ordinarily be needed. An 
enclosed hoi junction "Ceramo'' ther- 
mocouple will wilbstand pressures up 
to 40,000 psi. 

Available Materials 

Various “Ceramo ' conductors are 
available for temperatures from 


-320T. to 3.000 F. These include 
l-C. C-C, C-A, Pi. 10',; Rh.-Pl., Pi. 
137c Rh.-Pl. . . . plus Pt. 307 Rh.-Pt. 
67c Rh. Sheathing can be selected to 
meet the requirements of many differ- 
ent ambient conditions. Standard 
sheath materials include Stainless 
types 304, 309, 310, 316 and .347; In- 
conel; aluminum and copper. Special 
sheaths are made of lilanium, tan- 
talum. Hastalluy C, platinum. Monel. 
Chromel. Alumcl, and copper-nickel 
alloy. 

Available Sizes 

Conductors are supplied from 36 to 
12 gage. Overall diameters: 2-conduc- 
tor lypes-l/2S" to T'le"; 4-con- 
ductor types— 1/16" to 7/16". Stand- 
ard lengths: up to 30 ft. Special 
lengths: up to 60 ft. 


Write For Catalog 31-300- C 



|| Cai>di:THESNO ElECIRIC (CaMlal lTD.,Sraaptaa, Dat. 


• FACILITIES 

dinariiy Ijc tracked beyond burnout. 
.At this point the remainder of the 
trajectory is certam and the only re- 
maining fnformation of interest is the 
exact impact point. Ships assigned or 
leased to tlic Pacific Missile Range will 
dctcrniine ibis by the Sofar technique 
which is also used at Canaveral. 

Kxplosite charge carried in missile 
r.ose makes loud noise which can be 
heard at great distances by highly sensi- 
tive Sonar in in.strunicntation sliips, 
Triangulation of the boiirings on which 
the explosion is heard makes po.ssiblc 
reasonably accurate location of impact. 

Pacific Missile Range policy is set at 
Defense Department level by a tri- 
scrvicc joint planning group. Policy is 
interpreted and over-all direction is sup- 
plied bv a tri-service committee beaded 
by .Adm. Monroe. There will be tri- 
service specialist committees to provide 
tcchnic.il poliev interpretations. 

.A.s commander of the national Pa- 
I cific Missile Range. Monroe will also 
1 run tlic working staff. USAl' May. Gen. 

I David Wade, commander of the hirst 
Missile Division, reports a high degree 
of cooperation between his own organi- 
zation and tlic Navy range managers. 
Wade is also the Air I'orcc member of 
the Washington-based joint planning 
group for the Pacific Missile Range, led 
by Rear -Adm. W. K. Centner, Jr. Army 
incml)cr is Maj. Gen. D, E. Bcach. 

Incvitabiv, creation of the range has 
called for me-.isiircs to safeguard air and 
surface traffic. .As range nianager. Navy 
has proposed cre.ition of a restricted 
area over Cooke Ah'B and NMh' Pt. 
.Afgucllo and extending to the three 
mile limit. Beyond ibis, Pacific Missile 
Range will ask for a warning area where 
operations cause a hazard to air traffic, 

The Cooke-Arguello restricted area 
was originally suggested as a prohibited 
area. The change substitutes Siifety rea- 
sons for security reasons in closing the 
area to civil air traffic. 

.Aircraft Owners and Pilots Associa- 
tion is opposing creation of the re- 
tricted area on tlic grounds that it will 
cut off North-South travel in cloudy 
weather by private pilots without in- 
strumeut capability, .\lanv of these fol- 
low the beach in marginal we-.ithcr and 
.AOP.A feds it would be hazardous for 
them to trv the mountain passes. 

-Air Transpoit Assoriation is bjcking 
up -AOP-A because Los Angeles Regional 
.Air Space Subcommittee is recommend- 
ing adoption of tlie warning area rc- 
i|uc.vted bv the Pacific Missile Range, 
which lies aaoss Los Angeles' Multi- 
ple Corridor Identification System 
II.AMCIS) and extends upward from 
20.000 ft. 'This would force trans- 
pacific flights approaching Los .Angeles 
to remain below that altitude and. in 
Ihc case of jet transports, niiglit prevent 
use of most economical aTtitude. 

LAMCIS apprnacli channds arc rc- 
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KOHLER 

PRECISION CONTROLS 



KOHLER CO. E.i.blish>a 1873 KOHLER, WIS. 

KOHLER OF KOH LER 

Enameled Iron and Vitreous China Plumbing Fixtures • Brass Fittings 
Electric Plants • Air-cooled Engines • Precision Controls 


ENGINE PRIMERS used for 

diesel engines, planes, fraelors, trucks, buses 

Kohler engine primers are used by leading manufac- 
turers for many industrial applications, and by engine 
starting system fabricators. They operate efficiently 
with gasoline, diesel fuel or ethyl ether. 

Usual causes of primer failure are eliminated by 
Kohler primers. They provide 100% displacement with 
each stroke, with steady, even flow. Ball checks in the 
body open and close alternately with each piston 
stroke. Ground seat and machined seating pin on pis- 
ton tip prevent fuel seepage when primer is not in use. 










from Donald W. Douglas, Jr. 

President, Douglas Aircraft Company 


I’m sure you’ve heard about Douglas projects like 
Thor, Nike-AJax, Nike-Hercules, Nike-Zeus, 
Honest John, Genie and Sparrow. While these 
are among the most important defense programs 
in our nation today, future planning is moving 
into even more stimulating areas. 

Working as we are on the problems of space 
flight and at the very borderline of the unknown, 
engineering excellence in all fields is essential. 


For you engineers who can help us move forward, 
opportunities are almost as limitless as space 
itself. 

If you thrive on tough problems — and there 
are many — we’d like to discuss a future at 
Douglas with you. 

Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box 620-M 
Santa Monica, California 


• FACIL1TIIS 

<{uired hv Air Defense Command to 
Siinplifj’ identification of incoming ai> 
craft. Only remaining transpacific ap- 
proach to Los .Angeles unrestricted in 
time or altitude is via Catalina. Navy 
said it is willing to work out a plan with 
airlines but AT.^ may refuse to fly 
under missile trajectorics- 

'llicrc is no plan to create an airspace 
rcsersation on the inland range between 
Pt- Mugu and .Army’s Dugway. Utah, 
pros ing ground alone which cruise mis- 
siles will be tested. Proposed minimum 
altitude for missiles to overfly uncon- 
trolled airspace is 20,000 ft. Ordinarily 
Rcgulus II or anv other cruise missiles 
likelv to be fired on the inland range 
would operate far above that altitude. 

Destruct button can be pushed bv a 
range officer on the ground ot by the 

E ilot of the chase plane. Navy estimates 
amrdous fallout caused bv destruction 
of a missile to be on the order of one 
chance in a million. The sea range ex- 
tends as far to the south and west as 
necessary without anv significant limi- 
tation on length. PMR says ballistic 
missiles fired from Cooke or Arguello 
may cross air routes between Hawaii 
and the mainland but at such an alti- 
tude as to cause no danger to traffic. 
"I'licy «i!l follow a track 600-800 mi. 
north of the Hawaiian Islands. 

Surface traffic also is a problem. 
Ships outside the three mile limit are 
not subject to positive control by Na\ v. 
Ilowe\er. weekV local notices to inatin- 
eis, niaritimc equivalent of NOTAMS, 
will be published to warn shipping of 
planned firings and impact areas. Rou- 
tine range sur\'eillance will keep range 
officers informed of the presence of traf- 
fic. Ships discovered entering impact 
areas will l>e radioed safe headings to 
steer on tegular shipping coinniiinira- 
tion frequencies. 

.Adin. Monroe estimates that in five 
years, training will constitute 2s% of 
the total effort in the Pacific Missile 
Range complex but that tlie proportion 
of live training firings to other launches 
will be much less than this because of 
the increasing use of simulators. 

Monroe pointed out that the list 
filing actually teaches no more than that 
tire missile works. The big need will Ire 
for simulators capable of representing a 
complete weapons ss-stem. This wmiUI 
include a fighter director position in an 
(operational trainer for air-to-air rockets. 

Gen. W’ade, at Cooke, agrees with 
Monroe about the saluc of .simirlatnrs. 
but reports that USAP is not expecting 
Killistic missile training simulators in 
tire near future. He suggests that what 
is needed is a simulator at the opera- 
tional launch site with the same block- 
house and guidance facilities used for 
simulated and tea! shots. Chief problem 
in simulator design is that of inducing 
a comlrat psychological situation. ■ 



Eliminates Instrument Interference! 


NEW” itO-MAC” 

NON-MAGNETIC AIRCRAFT CABLES 1 

GOOD TKEBMAl CHARACTERISTICS I 
CORROSION RESISTANT 
HIGH FATIGUE RESISTANCE 
HIGH ABRASION RESISTANCE 
PREFORMED CONSTRUCTION 


• Just as we expected, many air- 
craft designers were interested in 
the recent announcement of our 
new non-magnetic aircraft cable. If 
you did not see it, "no-mag” has 
these characteristics: 
NON-MAGNETIC PROPERTIES... 
”no-mac” cable is made from type 
305 stainless steel. It remains non- 
magnetic after severe cold working 
— in contrast to standard stainless 
steel aircraft cable which shows a 
pronounced increase in magnetism 
after swaging, wire drawing or simi- 
lar operations. 

This non-magnetic property of 
"no-mag” cable eliminates instru- 
ment interference from cable mag- 

CORROSION RESISTANCE . . . 

New "no-mac” cables have corro- 
sion-resistant qualities similar to, 
but slightly better than, cables 
made of standard stainless steel. 
GOOD THERMAL CHARACTERISTICS... 
The thermal exparksion character- 
istics of new "no-mag” cable are 
much closer than those of standard 
stainless steel or carbon steel cables 
Gel the complete story on th 
for the aircraft industry. H 


to the characteristics of aluminum 
alloys used in aircraft. This greatly 
simplifies maintaining cable tension 
under various changes in tempera- 
ture. 

HIGH FATIGUE RESISTANCE . . . 

Preformed construction and careful 
processing give new "no-mac” 
cable high fatigue resistance. 

HIGH ABRASION RESISTANCE . . . 
New "no-mag" cable shows greater 
abrasion resistance than standard 
stainless steel aircraft cables. 
TENSILE STRENGTH, while lower than 
that of stainless and carbon steel, 
is sufficient to enable replacing 
these, size for size, with "no-mao” 
on many applications where the 
characteristics of "no-mac" are 
required. 

USE WITH SWAGED TERMINALS . . . 

Swaged terminals can be applied to 
standard an dimensions. 

COMPLETE RANGE OF SIZES, 
CONSTRUCTIONS-.- New "no-HAC” 
is furnished in sizes from 1/16' to 1' 
in all of the standard aircraft cable 
constructions. 

(8 neie technical development 


Automotive and Aircraft Division 
AMERICAN CHAIN & CABLE 


601 Stephenson Bldg, Oetioit 2 
2216 South Garfield Ave.,LosAngeIes22 ■ Bridgeport 2, Conn. 
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STALKER IS PREPARED 
TO SOLVE YOUR 
PERPLEXLNG FABRICATION 
AND BRAZING PROBLEMS 
WITH SPECIAL SKILLS, 
COMPLETE TEST AND IN- 
SPECTION FACILITIES. 

STALKER EMPHASIZES 
HIGH TEMPERATURE 
BRAZING OF STAINLESS 
STEELS AND SUPER ALLOYS. 
U.S. AIR FORCE CERTI- 
FICATION FOR BOTH BRAZING 
AND HEAT TREAT. 


FOR SAFEfY'S SAKE 

and better work, too.. 


x-acto^ 

surgically-sharp 

KNIVES 





Missiles and Aircraft 

PLUMBING 

COMPONENTS 

by Dunbar Kapple 

Engineered metal ducting and hose assemblies for the 
foliowing; fuel lines, in-flight refueling lines, hot air 
de-icing, cabin air conditioning, hydraulic systems and 
other applications where working pressure and tempera- 
tures require the use of metal. Complete assemblies 
available with Para-Flex or Spiral-Flex sections, thin- 
wall rigid tubing and appropriate end fittings. 

For further information . . . write in confidence to 
Batavia or ; Russell Engineering, 2205 Grand Avenue, 
Kansas City; 2104 Westwood Boulevard, Los Angeles; 
C. F. Russell & Company, 146 4th Avenue, Bay Shore, 
Long Island; 3601 Dubsdread Circle, Orlando, Florida. 
Your inquiry will receive prompt attention, 

AIRCRAFT COMPONENTS DIVISION 

DUNBAR KAPPLE, INC. 


BATAVIA, ILLINOIS 
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He does the mile in 74 seconds 

...so you can do it in 61 


His name is Andre Lesieur. He's just pushing 40. And he 
hasn't run a mile since his schooldays. But he’s flown 
many millions of miles. ..at the controls of Air France 
airliners. Doing the mile in 7.4 seconds is just routine for 
Andre. It’s the average cruising speed of his Caravelle 
jet. Soon he'll be flying a six-second mile across the 
Atlantic ( and you can, too! I in new Air France Boeing 
707 jet airliners! Captain Andre Lesieur has over 10.000 
flying liours, over 120 Atlantic crossings to his credit. 


But he doesn't consider himself exceptional. All Air 
France pilots have similar records. That’s why you can 
fly in comfort with confidence on Air France. 



AIR FRANCE/WORLD'S LARGEST AIRLINE 

...tvety 3 minutei an Air France airliner arrives or departs! 



211 


AIRCRAFT POROUS MEDIA, INC. 



LEADERSHIP IN RELIABILITY 

■ First filters having controlled maximum pore size 

■ First filters having zero media migration 

• First filters withstanding 4500 psi differentia] pres- 
sure, for use without by-pass valves 


■ Vibration equipment (MB-CIO) for testing up to 50 
G's over frequency range of 5 to 3000 cps 

■ Complete efficiency testing per MIL-F-5S04A and B. 
and proposed MIL-F-8815 

■ Most advanced equipment for optical *microscopy, 
ultrasonic cleaning and testing 


LEADERSHIP IN ENGINEERING 

APM is the only filter manufacturer with a fully inte- 
grated staff working solely on aviation filters— by far 
the largest such group in this country 


Our technical skills include: 


Mechanical engineering 
Filtration engineering 
Metallurgy 
Colloid chemistry 
Microscopy 


Chemical engineering 
Textile engineering 
Contamination control 
Environmental test engineering 
Vibration engineering 


LEADERSHIP IN TEST FACILITIES 

■ Thirty test stands operating on a variety of fluids 
including air. Nj, He. JP-4. JP-5, Skydro! 500, 8515. 
OS45, MIL-H-5606, MIL-L-7808. Pumping facilities up 
to 60 H.P. and 5000 psi with a maximum flow of 120 
gpm and temperature range of —100“ F to 600“ F 

■ Impulse testing from 0 to 6000 psi with 200 cpm max. 


LEADERSHIP IN RESEARCH 
& DEVELOPMENT 

■ First to develop and maintain rigid cleanliness 
standards 

■ First 600“ F and 900“ F airborne filters 

■ First 3 micron absolute filter, high dirt capacity type 

■ First integral differential pressure device 

■ First all stainless steel “RIGIMESH” filter element 

LEADERSHIP IN PRODUCTION ABILITY 

Our production facilities for all metal filters support all 
Century Series Fighters, Avro CF-105, Boeing B52, Con- 
vair B58, Boeing 707, Convair 880, Lockheed Electra 
and 1649 Constellation, Douglas DC-8, Martin P6M, 
Sikorsky S-61 and S-62, Atlas, Titan, Thor, Jupiter, 
Talos, Bomarc, Polaris, Hawk, Sparrow, G.E. T-58, 
G.E. J-79, Westinghouse J-34, Curtiss-Wri^t J-65-W-18 
and Pratt & Whitney J-75, and many others. 


AIRCRAFT POROUS MEDIA, INC. 

A Subsidiary of Pall Corporation 

GLEN COVE. NEW YORK 
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on fbe new 

Lockheed 

Jetstar 


.i.ft. SALUTE TO LOCKHEED for putting the new Jetstar Utility Transport Into 
the air in the record time of 34 weeks! EEMCO also takes pride in having set a 
record: the design, development, testing and production of a completely new 
stabilizer actuating system tor the Jetstar in but 17 weeks after receipt oi contract! 
The Jetstar’s new EEMCO actuating system. EEMCO Type R-162, is capable of han- 
dling a total operating load of 15,000 lbs. in tension or compression on both jacks. 
It will operate Jelstar’s stabilizer many times during an average flight, therefore 
hundreds of thousands of operations will be performed during the life of the unit. 
Reliability to the extremes of environmental conditions and ruggedness were 
prime specifications. 

EEMCO’s ability to produce these actuating units for Uckheed Aircraft Corporation 
in record time is a result ol the fact that EEMCO has specialized in the design and 
production of aircraft motors and actuators for many years. It makes nothing else. 
And because of high ratio of output to weight and the reliability built into all 
of its products, there is an EEMCO special motor or actuator on the majority of the 
latest missiles and jet aircraft now in production or in prototype stage. Please 
note the specifications on this Jetstar component. 








ELECTRICAL ENGINEERING & MANUFACTURING CORP. 

^ 4612 Wesr Jefferson Bou/evortf, tos Angeles 16, Colifornio • Telephone REpubfic 3-0I5I 

DESieNEftS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS . . . EXCLUSIVELY! 
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Space Needs Spur Avionic Creativity 


Returns on tliis nation’s fast-growing investment in spaee exploration 
will depend in large part upon tlie ingenuity of avionics designers and manu- 
facturers. It is tUcreforc fortunate that the U.S. lead over the USSR in the 
avionics field is at least as great as their lead in rocket propulsion. 

While hot argnnienls rage over man’s value and role in space explora- 
tion, there can be no question of the value and role for avionics. They are 
limited only by the ability to slasli size, weight and power consumption while 
improving reliability by several orders of magnitude. 

With no cornfields in spicc for 
emergency liuidings, the price of fail- 
ure in navigation equipment could 
be an endless journey to infinity for 
.some luckless future space vehicle pas- 
senger. 

Ilie ability to sense, measure, and 
report back to cartll on new or familiar 
phenomena that lie outside the earth’s 
Jtmosplierc depends almost entirely 

^Although the space traveler may be 
flving contact under VFR conditions, 
the seat of his pants will tel! Iiim noth- 
ing, and he will be completely depend- 
ent upon avionic flight instruments. 

Without such instruments liis life niav 
be in jeopardy without any obvious 
signs of danger. 

Some of the space technology prob- 
lems that ehallcnre the avionics de- 
signer and manuficturor look decep- 
tivclv familiar, such as reducing size, 
u’cight, improving reliability. But the 
several orders of magnitude iinpiovc- 
ment required suggest that past ap- 
proaches will fall far short of spaee 
technology needs. Size, weight, power 
consumption must be slashed by a factor 
of 100. Rcliabilitv must be increased 
bv at least a factor of 1,000. Tliis will 
require fresh approaches and new con- 
cepts. as discussed in greater detail on 
p. 245 in the article on construction 
techniques. 


Manoging Stored Energy 

'Hic avionics designer, often criti- 
cized for having developed too many 
different solutions to the aerial navi- 
gation and missile guidance problem, 
will face the most challenging problem 
of his career in trying to come up with 
one spaee guidance svstem tliat can 
meet required size, weight, power and 
reliabilitv limitations. 

Because an airplane consumes fuel 
continuously throughout its flight, and 
nonnallv carries sufficient reserve, the 
aircraft navigation system designer has 
not liad to concern himself with mini- 
scule errors in system accuracy or about 
such things as vehicle energy conser- 

Uiitil the advent of nuclear or other 
new propulsion, space vehicle naviga- 
tion accuracy will be largely determined 
bv precision of initial guidance because 


tlie vehicle will have little available en- 
ergy on board for conectivc maneuvers. 
Under these conditions the timing, mag- 
nitude (or duration) of any mid-course 
corrective maneuver can irrevocably 
determine the success or failure to make 
planct-fall. Thus stored energy manage- 
ment becomes a vitally important new 
function for any spiice vehicle guidance 
svstem. 

Communications system designers, 
long accustomed to using brute force 
techniques and working with liundreds 
or thousands of watts of power to covet 
distances of sevcr.il thousand miles, now 
must scale down to fractions of a watt, 
yet provide dependable comnnmiCTtions 
over distances of millions of miles. 
New Concepts Needed 

T'he challenge of space technology 
alreadv has uncapped creative scien- 
tific thinking and removed obstacles 
to concepts that would have received a 
cold militarv shoulder a brief 12 niontlis 
ago. 

Wright -Ait Development Center's 
\Veapons Guidance Laboratory has re- 
ceived three unsolicited proposals for 
radicallv different types of "all-elec- 
tronie" gyros which use no moving 
parts. 

One of them holds some promise 
of providing "fantastic accuracies," ac- 
cording to a \V.\DC spokesman- 

Significantlv. none of tlic three com- 
panies proposing the novel devices is 
currently in the gyro business. W'ADC 
alrc-adv lias funded one of the proposals 
and expects to award contracts for the 
other two. 

Militarv services are receiving a va- 
riety of space technology' proposals, 
manv of them unsolicited, some of 
tlicm from companies without experi- 
ence in aerial navigation systems field. 
Militarv senice scientists generally con- 
cede that new concept h"pe proposals 
which niiglit have been thrown out a 
year ago arc getting tlieir closest analysis 

Principal difficulty' is in sorting out 
the “science fiction" ripe proposals 
from concepts that are sufficiently sound 
to warrant financial support. 

Avionic designers need not await the 
advent of interplanetary' travel to find 


chalknging space tcclinology problems. 
Military services are sponsoring, or look- 
ing for techniques suitable for use yvitli 
a v'.irietv of sopliisticited satellite yc- 

• Coinimiirications relay— Use of satel- 
lites for passive relay stations to reflect 
linc-of-sielit radio frequencies half svav 
around the earth is the first step. Next 
will come satellites equipped with re- 
ceiver-transmitter and tape recorder. 
Message received from earth yvill he 
taped, then played back subsequently 
upon command from the ground vvlicn 
satellite is over desired message desti- 
nation. 

• Navigation— Satellites equipped yvith 
small radio/radar transmitter whose or- 
bit is accurately known, can provide 
navigation reference for sliips at sea. 
aircraft, or missile guidance. 

• Surveillance- Electromagnetic recon- 
naissance for ECM purposes, infrared, 
y isual. cloud cover surveillance ate tlie 
most immediate applications. 

ITie possibility that one nation may 
seek to deny its space to another na- 
tion's satellite, means that ways must 
be found to alter the path of U- S 
satellites once they arc in orbit, to 
make cnemv interception more difficult. 
Wright Air Development Center cur- 
rently is seeking proposals for siicli 
a satellite control system. 

Industry Impact 

If the part is any aitcrion, avionic 
tccliniqucs develo|x:d to meet space 
tcclinoiogy problems yvill liavc wide- 
spread impact tluoughout the ayionics 
and electronics field- Although neither 
the transistor nor tlic digital coin|niter 
yvere developed specifically to meet an 
aviation industry' requirement, tlic needs 
of tlie aviation industn- greatly accel- 
erated their development and applica- 
tion, yvliich ill turn have had widespread 
impact outside the aviation industry. 

Neyv molecular circuitry fabrication 
techniques, which slimv promise of 
slashing size and weight of aiionic 
equipment and giiing the vastly ini- 
proved reliability required for space 
technology, will be quickly applied also 
to missiles and aircraft. Tlicsc novel 
tecliniqucs are also certain to spill over 
into the industrial and consumer elec- 
tronics fields. 

Many of the problems of S|3aee tceli- 
nology will require totally new ap- 
proaches on the part of the avionics 
engineer but. in the same manner as 
the other areas of the avionic art, tlic 
demands made on his engineering abil- 
ity. creativity and skill will conrinvic 
to increase tor all of the foreseeable 
future. * 
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maintain and control 
reliability 

iAiit(a new 

PRE-PROGRAMMED 

INSTRUMENTATION 

NEW ROBOTESTER — IMMEDIATE AID TO 
IMPROVE MAINTAINABILITY OF 
EQUIPMENT RELIABILITY 
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A bold imaginative concept has evolved from Lavoie Labs in the form 
of a Programmed Instrumentation Approach with Failure Prediction. 

Designed for the activ 

electronic equipment ir 

The universal-tape programmeu penuimaMwc <o 

versatile arvd flexible and is the basis of this forward-thinking 
Lavoie program. 

The Robotester itself expands checkout capabilities and slashes 80% 
of final test time. Operational testing and production line check out 
is accomplished through continuous, high-speed sampling and com- 
parison . . . split-second recognition, isolation and identification of 
abnormal functions. 

Nominal circuit values and specified tolerances are tape-punched in 
minutes to accommodate voltages (AC and DC) from O.S to 500 volt^ 
Hi Pot to 500 volts: resistances from 1 ohm to 9.99 megohms; and 
tolerances of 1%. 5%. 10% and 20% of nominal. A total in excess 
of 60000 tests possible . . the Robotester will check any two circuit 
points at rates up to 100 tests per minute. 
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^ANGULAR MISALIGNMENT OF VELOCITY VECTOR 



VELOCITY ERROR 


COMPARISON of maxiinuin allowable errors in veincitv and injection angle for ballistic missiles and lunar probe vehicles. 


Space Navigation Challenges Designers 


Bs' Philip J. Klass 

Unless early space probes reveal existence of new phenomena which can 
be used for guidance systems, space nas igation will present one of the stiffest 
challenges to avionic designers’ ingenuitv. 

^^’he^cas aerial navigation primarily involves two moving coordinates 
of the airplane and a single airplane velocity vector relative to a fixed desti- 
nation. interplanetary navigation involves three moving coordinates of the 
vehicle and its three velocity v'ectors. plus the three moving coordinates and 


velocity rectors of tlie destination, p 
of destination upon arrival. 

Difficultr’ of this task has been com- 
pared to tiie problem of a jet figliter. 
running low on fuel, trying to make 
contact with an aerial tanker engaging 
in acrobatics. 

S|5acc narigation is furtlier compli- 
cated Irccausc minimum cnergr' flight 
paths must be used and only limited 
fuel is arailablc during flight to make 
niquircd cliangcs in reliicle speed and 
direction— until tlic adr'cnt of nuclear 
or other now forms of propulsion. 
Command Guidance 

To make matters more difficult, nianv 
of tlie techniques developed for aerial 
narigation will have only limited suit- 
ability for splice navigation- 

initial space probing missions will 
depend upon ground-h.ised command 
guidance of the bunching \chiclc. with 
no guidance of flic space i chiclc itself, 
bcciuse of seicre limitations on pay- 


us “time” which determines location 

load. In this type guidance, the space 
vehicle is mctclv an ungiiided projectile 
aimed by an ‘'aiionic gun barrel.” 
Command guidance system dc\c!oped 
by Gcnctal Electric Co. and Burroughs 
Ciorp. for Atlas intercontinental ballistic 
missile or Convair’s A/.usa system is 
typical of the tipe of guidance sistcm 
that mav be employed. {A^\' April 28, 
p- 74.) ■ 

Use of launch vehicle guidance onlv 
places severe limitation on tlie tipcs 
of space probes that can be made. 

[■'or c'xample. to send a lunar probe 
vehicle circling behind the moon and 
back to within ?00 mi. of the earth, so 
it can telemeter Iwck its findings, will 
requite controlling cut-off iclociti- of 
launch lehiclc to within one part in 
500.000, according to Lt. Col. G. II. 
Drcwiv. of the Armv Ballistic Missile 
Agency. 

In addition, vehicle's injection angle 


must come within 0.001 degree of the 
desired orbit and the instant of bunch 
must be timed to coincide within 10 
sec. of preclctermincd laliie unless a 
trackabic launching platform is em- 
ployed, according to Drewry. 
Elementary Guidance 

Next logical step will be to add simple 
guidance capability' to the sixice l eliiele. 
Tliis probably will be an extension 
of the radio command guidance em- 
ployed for the laiincli vehicle. 

lloncvet. such mid-course guidance 
can be no more accurate tlian the pre- 
cision witli which earth-hascel radar/ 
radio tracking systems can determine 
space vehicle position and velocity vec- 
tors. Space vehicle will be required to 
carry a suitable radar transponder or 
radio transmitter. Several tracking tech- 
niques appear feasible for ncar-planet 
travel: 

• Interferometer system, which com- 
pares phase of signal received from 
vehicle transmitter at four (or more) 
antennas arranged in the shape of a 
cross to permit determination of 
azinnitii .md elevation angles to the ve- 
hicle position. Navv Minitrack svstem 
used to track U. S. satellites is a repre- 
sciitarivc systciii- 

Usc of several stations makes it pos- 
sible to obtain vehicle vclocitv and po- 
sition by triangulation. However, greatly 


AVIATION WEEK, June 16, 1958 


217 



New 

Electro Instruments 
A-12 DC amplifier 
totally transistorized 


The new Model A-12 DC Amplifier is the 
preferred systems link for amplification, 
normalization and impedence transforma- 
tion. Use of solid state elements assures 


. Mil-type components 
coated plug-in printed 
jrotection against vibra- 



• AVIONICS 



creased base lengths between stations— 
of the order of several thousand miles— 
will be needed to achieve acceptable 



ever, this giiin iniiv be offset by prob- 
lems of |)ro\iding sufficient electrical 
power to enable satellite transmitters to 


• appears that mid-course guid- 
manned and umnanned inter- 


tioii. it does not now apisear likclv that 
they will provide primary navigation 
means for mid-course guidance. 

Schuler tuning principle, which is 
employed to prevent build-up of gyro 




DESIGNED 
TO FLY 



Especially designed to meet the rigid 
size and weight requirements of 
airborne instrumentation, Statham's 
new strain gage carrier amplifiers 
are transistorized throughout. When 

and reliability in the amplificalioo 
of signals from your strain gage 
instrumentaHon, specify a Statham 
strain gage amplifier, 

EXCiritlON: Z8 volts DC. - 5S 
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nnd t!ic sun itself. .Assuming the spnee 
'chide is traveling in the ecliptic (the 
plane in which planets move about the 
'tin), three celestial sights using t"ci 
planets and the sun can determine 
vehicle position in the solar system. 
Sighting Errors 

Example of the effect of celestial 
sighting errors on the accuracy of a 
vehicle position fix tor a (light to Venus 
IS cited in a recent paper by E. \'. 
Stearn.s of Lockheed’s Missile Systems 
Division. I'nr a space vehicle situated 
roughh’ 80 million mi. from tlie sun 
and 20 million mi. from t-ach of two 
planets being sighted, an error of vO 
see. of ace in sextant and sighting 
would result in a 12,000 mi. error in 
position, in a direction pcrpcndicukt to 
a line to the the sun and about v.OOO 
mi. in directions pctpcndiailar to lines 
connecting the vehicle witli two planets. 

This does not take account of pos- 
sible errors in present figures on solar 
sistem dimensions or planet orbit data. 
.Another source of error stems from fact 
that planets, unlike stars, ate not a 
point source of light because of their 
relati'dv dose distances. Trying ti. 
position an optical sisht on a planel'i 
center, particularly wiien its surface is 
partially obscured during phases dike 
the moon), may introduce additional 


Velocity Vectors 

Determination of vehicle position in 
space is only part of the nasigation 
problem. It also is necessiiry to deter- 
mine its 'elocitv and direction of 
movement in order to determine the 
magnitude, or duration, and direction 
Ilf thrust corrections that must be ap- 
plied to place the vehicle on the re- 
quired flignt path to intercept the desti- 
nation’s gravitational field. 

h'ot guidance system designers, this 
requires a \crs bask change in thinking 
from present tcrrcstial amcc|)ts. hoi 


example, in aircraft and n-inged vehicles, 
amount of fuel consumed in making 
coricetions in vehicle flight path is quite 
small compared to fuel consumed in 
making the flight. 

Once a space vehicle is outside the 
earth's gravitational field, the only fuel 
consumed is that required for guidance 
and tenninal landing- With payload 
weight at great premium, the guidance 
svstcni must not cmlv detemiinc the 
requited changes in flight path, but the 
most economical time and means tot 
executing them. Stored energy mauage- 
meut will be a major problem. 

It extremclv- accurate and frequent 
position fixes could be obtained, it 
would be relatively easy to determine 
magnitude and direction of vehicle vc- 
lucitv from changes in position. How- 
ever, large errors or uncertainties in 
anv .single vehicle position deteimina- 
tibn require that long-term averaging be 
used to minimize errors in establishing 
velocity vectors. 

For the earth to Venus mission cited 
above, with sighting errors of ^0 sec. of 
arc. Stearns calculates that averaging 
vclricle position fix data over a 190 hr. 
interval could reduce probable error in 
computed velocitv to about H mi. per 
second and error in calculated heading 
to about H milliradians. 

An error of H milliradians (roughly 
0.1 deg.) seems extremely small by ter- 
restia! navigation standards. But 
Stearns points ant that to correct for 
onlv a milliradian error in heading on 
a 150 million mi. journey when the 
vehicle is 5 million mi. away from its 
(jestination would require fuel equal to 
about -10% of the vehicle's gross weight, 
based on existing fuels. 

"This represents an appreciable 
iinionnt of fuel when one considers that 
fuel for landing and return voyage must 
also he carried aboard the vehicle.” 
Stearns |)oints out. If the celestial 
tracker error can be decreased hv a 
factor of 10 to approximately threx.' sec- 
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IN NEWEST DESIGN 20 IG INTEGRATING GYROS 


Representing a major breakthrough by Reeves’ gyro research laboratories, 
these advanced instruments show a small fraction of the drift rate hitherto 
considered low for high-performance units in Ibis class. 

Other characteristics are also outstanding, including extremely low aniso- 
elaslic constant and high command turning rate. 

Of equal importance is the fact that these instruments measure up in 
every way to well-known Reeves standards of precision, ruggedness and 
RELIABIUTY in reg ular production models . They are now available, and wc 
invite your inquiries for detailed information. 

Other Reeves Gyros and Aceeteromelers roeeting equally exacting standards tor per- 


CONDENSED 

PERFORMANCE DATA 

Trimmed drifi rate: 

O.lVhr. rms 
0.37br. max. 

Mass unbalance: 
5.07hr./9 

Anisaelaalie eenalani; 
0.0257fiF./9l rms 


Imegraling Gyros: 20 PIC Pendulous Integrating Gyros and lOA and 20A Linear 
Accelerometers. Technical information on request. 
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GROUND SUPPORT 

CONDIESEL 

COMPETENCE 

serves the 

INDUSTRY'S NEEDS 


This amazingly broad one-source resource ior 
solutions to specific problems is comprised of spe- 
cialist groups. Each has its own facility and products 
... all enjoy the advantage of reciprocal stimulus 
through careful interchange of research, engineering 
and production ideas. 

Adroit handling of any customer needs . . . and 
anticipation of "tomorrow's" problems . . . have re- 
sulted in the availability for the military and industry 
of a composite experience of specialist skills In pro- 
viding components, products and sub-systems for 
missiles and aircraft . . . submarines, too. 

And, of great importance to YOU ... are those 
probing, ingenious minds at Condiesel and their abili- 
ties, based upon experience, to bring your problem 
quickly into sharp focus . . . design the answer deftly 
. . . produce it honestly . . . deliver it on time. 


AIRCRAFT 

EQUIPMENT 

DIVISION 

Stamford, Connecticut 
Condiesel has provided 
more aircraft and missile 
ground support in variety 
and quantity than any other 
menufacturer.Sophlsticated 
support equipment Is this 
division's specialization. 

products Include: 

Aircraft Support 

■ Electric 

• Hydraulic 

• Pneumatic 

Missile Support 

• Testing 

• Handling 


POWER 

EQUIPMENT 

DIVISION 

Stamford, Connecticut 
Over 15,000 Condiesel 
power generating units 
serve every branch of the 
armed forces. Manufactured 
in every type and size, these 
units provide precise elec- 
tric power wherever re- 
quired. Typical: Oewline, 
Matador, Regulus, IQY. 

Products Include: 

• Uninterrupted Power 
Supply Units 

• Fire Fighting Vehicles 

• Diesel and Gasoline 
Engine Generator Sets 

• Pumps and Compres- 

• Switchgear 


CONDIESEL COMPETENCE 
is your Competitive Answer 



CONSOLI 





We welcome the opportunity as a sub-system, ond 

ATED DIESEL 


execuTivc opptce*i 


CANADIAN OPPieil 
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TEST 

EQUIPMENT 

DIVISION 

Stamford. Connecticut 
Test equipment for the 
manufacture and support 

i by 



Condiesel designed 
Holly, T.W.A., Pan Amer 


CONSOLIDATED 

AVIONICS 

CORPORATION 

Westbury, L. I.. N. Y. 

At Con Avionics, advanced 
electronic capabilities pro- 
duce a broad range of elec- 
tronic systems. Typical is 
the automatic digital com- 
puter check-out equipment 
for the Inertial guidance 
computer of the "Titan" 
IC6M. 


LIMA 

ELECTRIC 
MOTOR CO. 


Over a quarter century of 
building standard and spe- 
cial rotating electrical ma- 
chinery to NEMA, JIC and 
UL standards. Backed by 
over 300 nation-wide seles 
and service stations. 

Products Include: 


CONSOLIDATED 

CONTROLS 

CORP. 

Bethel, Connecticut 
Inglewood. California 
Development and manufac- 
ture fuel control systems, 
and components, tempera- 
ture and pressure control 
devices for missiles and air- 
craft... Typical: 8-58 Hostler 
nose wheel steering system 
. . . J-79 fuel control com- 
ponents, 


• High temperature, high 
pressure hydraulic and 
fuel control test facili- 


Products Include: 

• Data reductio: 


• Automatic test 
control systems 
. Power supplies 


• Drip- proof, totally en- 
closed, explosion-proof 
motors, from 1 to 150 
horsepower. 

• Motor generator sets 

• Lima selective speed 
drives 

• integral gearhead mo- 


Products Include: 

• Pressure and thermal 
switches 

• Airborne controls . . . 
hydraulic, pneumatic 
and electronic 

• Temperature sensing 

• Nuclear control sys- 



component manufacturer of assisting you in preparofion of your complete weopons system proposals. 

ELECTRIC CORPORATION 

LUDLOW AND CANAL STREETS, STAMFORD, CONNECTICUT 

C. O. e. C. OP CANADA LTD., REXOALE, TORONTO, ONTARIO • 
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onds of arc. and if heading corrections 
were applied periodically during the mis- 
sion, fuel consumed in maintaining the 
Schiele's eourse would be reduced to 
about 5% of gross weight. 

On this basis. Steams suggests that 
interplanetary navigation wilTrequire a 
system made up of the following ele- 
ments, with individual accuracies as in- 
diciitcd: 

• Celestial tracker, capable of establish- 
ing angles to two planets and the sun 
with errors of less than fi\e sec. of arc. 

• Gyro-stabilized pUtforin, upon which 
tracker will he mounted, with gyro drift 
rates small enough to space-stabilize 
tracker during periods when planets 
can not be sighted or setrice is other- 
wise interrupted. 

• Digital com]Hiter. capable of computa- 
tions to an aecuraev of at least one part 
in 100,000- 

• Solar ss’stcm “map”, containing data 
on position of eacli planet at any in- 
stant in time, which can be stored in a 
form suihible for computer use. 

• 1'inrc reference, accurate to within 
one part in 100,000. which can operate 
for a rear without re-calibration or loss 
of accuracy. 

To sa\e weight, and minimize relia- 
bility problems, celestial sighting data 
might W telemetered back to earth, the 
required computation performed there 
in sophisticated digital computer, (hen 
telemetered back to the space vehicle. 
Other Ideas 

The possibility of using Doppler or 
pulse radar in the vehicle to determine 
its \elocity and/or distance from desti- 
nation has been suggested, particularly 
since such a device mav be needed dur- 
ing terminal portion of the mission to 
assure a soft landing. But the problem 
of carrying equipment to generate suf- 
ficient electrical power to enable a radar 
with modest size antenna to scud a sig- 
nal out and back over a multi-million 
mile path appears iiisurmount.iblc until 
the advent of nuclear propulsion. 

Anothcr interesting possibility For 
measuring vehicle selocitv and checking 
its position, suggested bv Dr. Jolin H. 
Hett of New York University, is the 
use of a dei'ice that measures intensity 
of the sun's infrared radiation. 

Using a star as a comparison stand- 
ard, Dr. Ilett savs it should be possible 
to determine vehicle distance from the 
sun to witliin several thousand miles. 

'ITre problems of space navigation are 
sufficiently difficult that many observers 
ate hoping tliat fundamentally new con- 
cepts may come out of newly discovered 
space phenomena. New concepts also 
may come when avionic system design- 
ers and aerial navigation specialists ac- 
quire cquiialent knowledge of celestial 
meclianics and when the astronomers 
turn their attention to space naviga- 






Smaller than a dime, but a real buy if you're looking for top 
performance in airborne applications . . , that's the story on the 
Type 4-320 Pressure Pickup. This tiny member of CEC’s reliable 
transducer family is built to operate at line pressures up to 
350 psi . . . to measure differential pressures in ranges from ±7.5 
psid to ±50 psid, and gage pressures in ranges from 7.5 to 50 psig 
.. .and to meet all specifications wiihoul external compensation 
of any kind. Check these specs: 


SENSITIVITY. ±20 rm- nominal 

TEMPERATURE RANGE -6S* to ■(•250'F 

ACCELERATION Withstands 200 g-s 

CONSTRUCTION 416 stainless steel 




Call your nearest CEC sales and service office for the details, or 
write for Bulletin CEC 1579-X7 fwhich is not only free, 
but extremely interesting). 


Transducer Division 


Consolidated Electrodynamics 


SOO North Sierra Madre Villa, Pasadena, Calif. 
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KECOGNtZED LEASERS IN GALVANOMETERS— 

TELEMETRY, PRESSURE AND VIBRATION INSTRUMENTATION 


AVIATION WEEK, June Id, 1953 


225 



U. S. steel Supply delivers critically 
helps Convair eliminate risk 


needed aluminum overnight - 
of costiy inventory iosses 



“Today, because of the rapid advancement in 
the fields of engineering and technology, we face 
the risk of costly inventory losses due to changes 
in material requirements,” says Mr. L. F. Tubbs, 
Buying Supervisor for Raw Materials, San Diego 
Division of Convair. “However, we've avoided 
this possibility by ordering certain types of alu- 
minum as we need them from such firms as U. S. 
Steel Supply. We know, from past experience, 
that U. S. Steel Supply can deliver the critical 
items we need . . . when we need them.” 

In order for Convair to maintain an effective, 
up-to-the-minute production timetable on the 
new Convair 880 Jet-Liner, every second of 
available time must be utilized efficiently. Obvi- 
ously, a supplier that can meet and handle 
emergency material requirements, without caus- 


ing the loss of valuable production time, is a 
must; that’s why Convair, a division of General 
Dsmamics Corporation, counts on U. S. Steel 
Supply in a tight situation. 

For the dynamic Convair 880, U. S. Steel 
Supply furnishes a number of aluminum alloys, 
including 2024, 7075, 7178, for such locations as 
the exterior skin and belt frames. 

Critical materials, such as aircraft quality 
aluminum and special stainless steels, can be 
procurred quickly and delivered promptly, be- 
cause U. S. Steel Supply has a smooth-running 
system of 19 steel service centers stretching from 
coast to coast. 

If you want to learn more about this service, 
write toU. S. Steel Supply at the address listed 

below. USS ii s ngitUrtd iraiicmark 


Remember ... you get Any Steel, Anywhere, Any Time Service from . . , 


U. S. steel Supply 

Division oi VIS' 


United States Steel 






FOUR IMPORTANT NEW SHORT-TRAVEL POSITION 
TRANSDUCERS FROM BOURNS 


Here ore four problem-solvers mode espedoHy for trovels of Vj" to 6". 

These ore small instruments— units you con frt into the reolly light spaces. 

All of them offer long life under extreme vibrolion ond heot (os high os 450°F) 
...and each one solves o speciol problem, too: 

1 FITS INSIDE ACTUATORS The Model 158 is smoll, tubulor, unique — 

it fils completely inside hydraulic octuotors or other telescoping devices. 

2 FITS IN TIGHT SPACES The model 141 IINIPOT® Ts the smallest unit 

of its type ovailable. Cross section is only Vs"“ Vit” 

3 SIMPIIFIES SHAFT ALIGNMENT Where olignment is impossible, or wnere 
side loods exist, use the Model 156 AlIGN-O-POTS. it's sell-oligning, 

4 NOISE-FREE AT 40 G‘s If you have high vibration environments ond alignment 
problems, your solution is the Model 157 AlIGN-O-POT. 

These ore only four models. There are hundreds more availoble, 
with many voriolions, in trovels up to 32". 


Laboratories, Inc. 

P.O. Box 2112C • Riverside, CoMornio 

HEID Offices, 21 Wolf Whimorr Sood, Huminglon Slolion, 1. I„ NflW VorV 
4SIS Premice Straei. Dellat 6. Te.os 

OPtGINAIOPS OF IUMPOT* AND tPIMlI® 

piONEEes IN porENiiouerse ipansouceps for position, pressure and acceleration 
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Space Communications Techniques Ready 


By Janies A. Fiisca 

Coniniunications is one of the most highly developed aspects of space 
technology. Problems of communicating with the iitoon and moon \ehiclcs 
arc now centered on instnimciitatioii. IVIars and \'cnus ate within range 
of state of the art techniques; the rest of the solar svstcni is within reach of 
impros’ements already being explored. 

First steps in developing an imdcrstanding of space conimiinications 
include: 


• Satellites. Better understanding of 
tl’C electrical properties of tlic iono- 
splicre is emerging as experience is 
giiincd in reception of data transmitted 
from both U.S. and Soviet satellites, 
N'a\-y is establishing a point to point 
communications system using earth's 
iiatiital satellite, the moon, as a passise 
reflector to extend tlic range of line of 
sight frequencies for thousands of miles. 
Man-inadc satellites arc hciiig studied 
for use as both passive reflectors and 

• Space veliiclcs. Kxisting equipment 
c:m be used for coniniunieation with 
vehicles operating in cislunar space. 
Primary problem is to obtain rcasona1)l\’ 
high gain from the vehicle’s antenna 
uitliout creating additional coniplex 
oricntatiiin and stiibilixation problems. 
New and mote sophi.stie.ited equipment 
will be requited for eonmumie.ition 
with veliiclcs bound for Venus or Mars, 


hut techniques for construction of such 
etjuipment are «ell imderstood at tlic 
present time, h'or greater ranges, com- 
iimnic.ition probabK will lx: bv inter- 



niuiiic.ilion systems to operate to Mars 
or \'enus could he engineered todav. 
while iin|irovements siicli as much 
higher power tr.msmitters. larger an- 
tennas, and Masers for reception in- 
dicate that no (iverwhchrting prolileins 
are likely to prevent deselopment of 
equipment capable of operation 
throughout the solar system as rapidlv 
as the tehiclcs that will require them. 
• Bey ond tlic solar system. .\t flic pres- 
ent time there does not appear to be a 
solution to tlic ptobleni of commimicat- 
ing beyond the limits of flic solar sys- 
tem. T'lie closest star is more than four 
light years distant so, presuming that 
the coniniuniaitions equi|iineiit existed. 


time between transmission of a message 
and receipt of a repiv would be about 
nine years. There appears to be no way 
of citcumsenting the fundamental 
equisalcnee of space and time. 

Satellite Uses 

First true space coinniunieJtions has 
been the telcnictering of scientific data 
to ground stations from orbiting satel- 
lites. Navy's use of the muon as a pas- 
sue reflector for long nmge, point to 
jioint coniniunications at line of sight 
frequencies indicates tliat similar use 
could be made of man-made satellites. 

As future satellites become increas- 
ingly complex and as their missions arc 
expanded, deuiaiids placed on the com- 
munications sistcnis will inCTcase dis- 
proportianatciy. A reconnaissance satcl- 
lilc, for example, niiglit be requited to 
store a large quantitv of comparatiselv 
wide hand data, such as the mapping 
information from an infra-red or telcwi- 
sion scanner. The satellite would tlicn 
"dump” tlie stored data at high speed 
upon receipt of a properly coded inter- 
rogation signal. 

Some of the possible uses of satellites 
that arc open to speculation include: 

• VHF area coverage. satellite that 
received and retransmitted messages 
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bioadcist in Iht \cry high ficqucncy 
biind wimld pro\idc co\cnigc of stACral 
thousnnd square mile, with a sinipk, 
low power transmitter. 

uer that a satellite could he used to sup- 
[.iement battle area coniiminications, it 
cc/uld also be used .is an electronic 
connternieasures wetipoii. .\n interest- 
ing configiiiation w tnild he a simple rc- 
pratei, consisting of a braid band 
travelling n-avo tube, that would inter- 
cept and rebroadeast enemy messages 
or function as a jannner bv tebroadeast- 
ing a lainining sigu.il liansmiltcd from 
the ground- 

Connnunicition throughout the solar 
system will l)C .dinplifit'd hy the fact the 
ssstem’s ijlanets and moons all lie \ery 
close to the plane of the ccli))tic. 'Iliete- 
fcirc, rather than mdiating energy omni- 
directionalh from a transmitter into 
space, cnergv can lie concentrated in a 
I'C-am that is omnidirectional in azi- 
muth blit with a width of abimt iO deg. 
in clci-ation. 

By aligning the azimuth plane with 
the plane of the ecliptic, gain would be 
a factor of about 2.5 met a signal radi- 
ated omnidirectionally. ’Mic beam 
would include all of the si stcm's plane- 
tary- bodies and the probable routes l>e- 

Bccause a space vehicle can be cx- 
jiected to know its position in space, it 
would be able to make use of relath-clv 
high gain antenna which it could beam 
towards the ground station to be con- 
tacted. If it was another ship to be con- 
tacted, the message would prolabls be 
beamed to the gioiuid station w-bich 
would then rebroadeast it omnidirec- 
tionallv, because of tlic rclatiielv small 


iransmitter power th.it would be avail- 
able in a sp.iee craft. 

-\ ground station, on tlie other hand. 
coultl be expected to use large, high 
gain antennas for planet to planet com- 
munications hut not to contact space 
vehicles. Reason is that the time it 
would t-.ike to acquire a .'pace craft with 
a pencil hc.mi antenna when the posi- 
tion of the aaft was not known could 
be prohibitivcK long and difficult. W'ith 
sufficient power at the ground station 
and a sensitive receiver and moderately 
high gain antenna aboard the vehicle, 
ground station reception should not be 
a major problem. 

miicuie as)>cct of space conimunici- 
lions will be the large frequency shifts 
resulting from the Doppler effect. P. A. 
Castruccio of Westingliousc Air Arm 
Division in a pajKr given before the 
American Rocket Socictv mentions that 
at X-lxmel a radial velocity of 10 mi./ 
see. vields a Dojipler shift of apptoxi- 
matclv 500 kc. while at 100 mi./scc. 
the shift is about 5 mc. 

I'or this reason, receivers will have 
lelativeiv broad pre-detection band- 
widths or will use some method of sig- 
nal tracking or Doppler eating to obtain 
llic most favorable signal to noise ratio. 

One detection technique that would 
ajjixar to offer advantages for reception 
cf vetv low signal levels is receiver 
phase-lock demodulation, ptcsentlv be- 
ing used in the Microlock and Sccot 
svstems. Theoretical improvements in 
excess of 50 db. over ainvcntional .AM 
receivers are predicted; improvement 
threshold of a st-.indard KM/PM tclc- 
iiictrv receiver has been lowered 20 db. 
experimentally. 

Improvement threshold of a receiver 


MOPi" arm 



BLOCK diagram of a basic phase-lock deniodiilatoc. 
pared in a phase detector with a signal developed by a 
modulated bv the filtered output of the phase detector. 


frequency modulated signal is com- 
■ ■ '"itor, which is frcqocncy 



BURROUGHS ELECTRONIC COMPUTER "MASTERMINDS'' 
THE ATLAS INTERCONTINENTAL BALLISTIC MISSILE 

Steering the 250-inile-per-minute Atlas into the precise trajectory 
required for the missile to accurately strike its target 5,500 miles 
away, calls for incredibly close computation. And that’s where 
Burroughs comes in— with an electronic computer specially 
designed to receive complex information, compare it with the 


pre-calculated direction, and signal the missile 
to set it unerringly on its course. 

Important contracts are not new to Burrough 
its 70 years of demonstrated competence. B 
defense projects that serve best to underscore 
and complete capability, from research throu^ 
to actual'field installation and service. Burn 
6071 Second Avenue, Detroit 32, Michigan. 


BURROUGHS 

CORPORATION 


TH£fOfl£MOSrNAM£//l/ COMPUTATfON 



COMPLETE LINE 125° C 


SERVO MOTOR TACH GENERATORS 


to your precise specification 


^ ' - • Both Damping and Integrating types available with parameters to your requiremei^t. 
La > — ' ■ • Complete size range; 8. 10, II, 15, 18. Can be designed with gear train. 

• —Sd’C to +125 C ambient temperature range. 

® • Designed to MIL-E-5272. 

• Assembled under closely controlled environmental conditions. 






400 CPS SERVO MOTOR - TACHOMETER GENERATORS 





232 


• AVIONICS 

i.i! that point on a plot of the signal to 
noise ratio wlictc tire ratio at the output 
cif the rcceiscr begins to degrade more 
rapidly than the input ratio. For con- 
\cntional diode detectors in AM sys- 
tems, this \aluc is about —3 db. input 
signal to noise ratio, while for conven- 
tional discriminators in F'M systems the 
value is about +9 db. However, when 
tiie ratio of deviation to maximum 
iiiodulation frequency is greater than 
one. the output ratio' for a given input 
is higher for FM than AM. This "wide- 
band gain’’ property of FM offers con- 
siderable advantage for cxtrcnieh’ long 
range communications. 

Phase-Lock Demodulation 

Receiver pivasc-lock demodulation i>p- 
crates on tlie principle that the opti- 
mum method of demodulation coiii- 
[)riscs the multiplication of an incom- 
ing signal by a locally generated best 
estimate of «hat the signal should be, 
and suitable filtering. This principle 
lias recentiv been put to use by Radia- 
tion, Inc. which has dcscloped an 
adaptor unit for standard F'M/F'M tele- 
metry receivers wlrich lowers the re- 
ceis'cr threshold b\ at least 6 db. 

In a pajxT delivered before the Na- 
tional CimfcTcncc on Airborne Elec- 
tronics last month. Hans Scharla-Nicl- 
scii of Radiation. Inc. siiid that the 
cempauv lias measured improsements 
of better than 20 db. in special systems. 

B\- this technique a frequena- modu- 
lated signal is compared in a pliase de- 
tector with a signal dci elopcd by a local 
oscillator wilieh is frequency modulated 
hv tlie filtered output of the phase de- 
tector, effccti' clv lowering the rcceis er’s 
improitanent thre.shold. 

Since, for all demodulation methods 
operating abosc their iinprosement 
ihiesholds, post-detection filtering is 
a|ui\aleiit to prcdctcction filtering, the 
wide-hand gain properties of F’M may 
be utilized. 

Space Trends 

Avionics manufacturers studying the 
chnngcs that space technology will press 
upon the industry will see inneasing 
cmpliasis upon often heard themes— 
size, wciglit and pou’cr consumption. 

'I’he cost of dcscloping miCTominia- 
turization techniques and avionic sys- 
tems that «ill operate with 1.000 times 
the reliability of present day equipment 
uliile consuming onh' milliwatts or 
e\cn microwatts of power will be more 
than compensated b\' the sasings on 
each pound sent into space. 

The ciionnousli stringent demands 
of space tcchnologv will stimulate both 
iii’ptovcnients in comentional avionic 
tecliniqucs and— more important— re- 
search and development in totally new 
and unexpected fields that will be re- 
flected in advances of flic entire avionic 


polentiometers / gyro in$truments / airborne products 



Dnj'strom Pacific designs, develops nnd maniifncturcs a complete line of 
floated 2 axis free gyroa and floated rate gy™. A variety of standard 

Daystrom Pacific, to better serve the customer, has standardised all basic 
Other standard instrument products include: 

Development iirograms arc under«-ay in numerous system projects: 

• Inerti.al guidance systems • Ground alignment equipment 

• Flight data computers • Floated stable platforms 

For further in/ornuition about Dayilrom Pacific— their producleand lerriee * — 
pleate coninrf the factory direct. 
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products that SPEAK 
for themselves... 




Communications 

Radio Set AN/ARC-57 . . . designed 
and developed by THE Magnavox 
Company, is an essential UHF 
communications system, providing 
the utmost in performance and 
reliability for the CONVAIR B-58. 

It clearly demonstrates 
The Magnavox company's ability 
to produce and work as a sub-contractor 
on a complex weapons system. 
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Power Sources for Space Explored 


By James 

Space vehicles soon to orbit earth 
fat side of the moon, and eventually 
steadily inereasing amounts of electrics 
longer periods of time, weigh less and 
Chsilicnge of competing on the basis 
of fccluiical compctcucv and ingenuity 
as opposed to large capital insestments 
in research has lured csen some of the 
smallest asionics companies into com- 
petition with the industry's giants. Be- 
cause the prize will be large govern- 
ment development contracts, no gener- 
ation technique is being left uiicx 
plored as too unconventional. 

Methods Under Investigation 
hot example, among the methods 
under investigation at present arc; 

• Nuclear reactors. Reactors small 
enough to be used as electrical power 
sources in satellites and other space 
\ehicles presently ate being developed 


A. Fusca 

as reconnaissance satellites, probe the 
venture into outer space, will require 
il power from sources expected to last 
have less bulk. 

by a number of major companies. 

• Radioactive isotopes. Electric power 
can be generated with radioactive iso- 
topes in at least hvo different manners. 
Charged particles emitted by some ra- 
dioactive isotopes can be collected di- 
rcctlv as elcctricitv. Also, power can be 
produced bv utilizing the heat pro- 
duced when tlie emitted particles and 
electromagnetic radiation are absorbed. 

• Thcmiocouplcs. With a constant heat 
source, multiple tliermocouple junc- 
tions can be joined to produce up to 
several hundred watts with high voltage 
and low current or low voltage and high 
current. 

• Fuel cells. Chemical energy of fuels 


can be converted directly to electrical 
energs- without passing tlirough the in- 
termediate thermal and mechanical 
stages. Simple fuel cell could use elec- 
tiocheniical rc-action of carbon and oxy- 
gen but the "indirect cell" which 
utilizes the gaseous reaction products 
of carbon and oxygen hai'c tlic advan- 
tage of being capable of continuous re- 
generation to sene as a power source 
without shutdown or recharging. 

• Solar batteries. Solar batteries uti- 
lizing silicon p-n junctions are the 
most efEcient direct converters of solar 
energy at this time. Theoretical effi- 
ciency is 22%, and the actual efficiency 
about 10%. 

Other Methods 

Less success has been found thus far 
with otlier unconxeiitional methods of 
generating electric power, including; 

• Workman-Reynolds effect. Tliis effect 
is concerned with tlic development of 


Performance of Unconventional Power Sources 
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inertia load damping 

DPF 


DYNAMIC PRESSURE FEEDBACK 

ELECTROHYDRAULIC SERVO VALVES 

provide stabilization of resonant loads with • no sacrifice of static stif fness 
• high positional loop gains • no undesirable power dissipation 


VALVE CO. INC. PronerAirp 
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;m electrical potential dimrig the freez- 
ing of water. Charge separation effects 
that derclnp potentials as high as 250 
Milts occur l)et«ecn the frozen and un- 
frozen portions of an aqueous solution 
tontaining traa'S of inorganic iinpuri- 

• P\'ro-electtieity. lliis is the term 
giren to the potential generated be- 
tween two faces of air oriented crystal 
when it is subjected to direct beating or 
ekctroniagnetic radiation in the infra- 
red spectrnni. yielding a current of 
about 5x10 ’ amp. 

• 'riiciniionic emission. Pure electron 
emission from solids that lia\e Iscen 
heated to incandescence can he consid- 
ered the direct transmission of thermal 
eiiergi' into electrical energy. About the 
oiih |jractie.il application of this tcd|. 
I'ique emisiigcd at present would be in 
loeations sndi as an atomic pile wliere 
lar|e amounts of waste heat might be 

• Ion permeable membrane. Certain 
membranes base the property of (jcr- 
mittiiig passage of ions only of one 
sign, the mechanism of conduces its 
similar to that in aqueous solution of 
electrolytes (by mobile ions). A battcrv 
can be constructed by assembling a group 
of cells so that a Row of ions fakes place 
from the first to the last cell, lliis tvpe 
of batten', houescr, is ca|5able of pro- 
ducing only about 50 microwatts .ind, 
additionalh. requires rccliarging. 

\5 itii flic exception of those depend- 
ing u])on nuclear reactions, the tech- 
niques mentioned hare been investi- 
gated at the Oklahoma Institute of 
rcclmology under .Air Force contract, 
and the results described in t\so reports 
iniblished bi' the De|wrtmcnt of Com- 


merce (PB 151411 and PB 151218, 
S2.00 each). 

Several of the large avionics firms in 
Ihis eouiitrv are imesting lieinih in rc- 
scarcli on “miniaturized'’ nuclear re- 
actors suitable for space \eliicle u.se and 
capable of continuous o|)Ctation for a 
period of scars. 

Less for reasons of sccurltv classifica- 
tion than because of the liigh cost of 
Ihese programs and consequent protec- 
tion of proprietars' interests, companies 
lime declined to di.scuss so niuch ns 
their method of approach. 

Some conclusions, howc'ct, can be 
drawn from the nature of the environ- 
ment. Size and weight of anv unit w ill 
be critical but cost will be less signifi- 

Fngineers of Thom|)sou Products. 
Inc. ha'c compared four potential ap- 
ptoaelies to the s|)ace vehicle reactor: 

• Raiikine steam cycle. 

• Closed gas turbine cycle. 

• Mcrciirv Rankiiic cvcle. 

• Rankine cycles with highly c.xotic 
fluids (rubidium, sodium or lithium). 

Rankine steam cycle is the basic 
cycle of conventional steam power 
plants, except that in this case the heat 
conducted to the boiler is generated bv 
;t nuclear reaction ralher than tlie usual 
fuel. Steam from the boiler drives a 
turbine which drives an electrical gen- 
erator and a ]junip for returning con- 
densed water to the boiler from the 
condenser. 

Closed gas turbine cycle suffers from 
the disadvantages of low heat tran.sfcr 
coefficients, complex high temperature 
heat exchangers, large plumbing, expen- 
sive compressor and turbine nuicliincrv. 
costly working fluid (if helium is used) 


in comparison vvitli the Rankine cycle. 

Mercurv Rankine cycle has tlic advan- 
tage of being able to reject beat at rela- 
tivelv high temperatures and still main- 
tain liigli cvcle efficiencies, therefore 
requiring a relatively lighhveight con- 
denser and smaller sized reactor and 
heat exchanger. 

Rankine cvcles utilizing more exotic 
fluids putentlallv will, when the equip- 
ment to handle them at v ery high tem- 
])er.ituies is developed, provide even 
lighter weight units than the incrcnry 
cvcle because of their ability to reject 
beat at temperatures greater than 
1 .OOOh'. 

On the surface of the earth where 
cooling air or water is available as a 
heat sink there is not a very large dif- 
ference in weight between the different 
svstenis- In space, however, where 
waste heat will not be carried off by con- 
elnetion but must he radiated to space 
from tlie skin of the vehicle a high ra- 
diator or sink temperature enables the 
designer to niiniinizc the surface area 
and weight of the radiating skin. 

Probably tvpical of the large Anns 
picsentiv in tliis field is General Klec- 
tric Co., whicli says it is stndying tbei'. 
mionic converters, thermoelectric con- 
verters, fuel cells, small nuclear |)owct 
plants, solar converters, and radioactive 

’^°Ol3icct, they say. is to make an in- 
tensive stiidv of the practical applica- 
tions for these sources of energy includ- 
ing their nature, efficiencies, limitations 
and competitive usefulness so that when 
requirements for space vehicle power 
sources arise the most advanced and 
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ore "flown" on Ihe ground o» 

Ho/lomon Air Development Center soperjonic roclcet- 
sled froclc — soving critical lime and money in miisile 
development. But such a program iels new require- 
ments on lelemelry equipment which collects and pro- 
cesses Ihe data gathered from Ihe "flight." Stabilily, 
reliability, and ruggedness ore especially importont 
for here the equipment is subjected over and over 
again to all manner of extreme environments. 

The Mark 2 Data system developed by Kadiolion. 
Inc., meets all the requirements of this opp/icotion: 
o ?0-6ft 32-chonr7e/ Iroosijtorized PCM data col/ect- 
mg pocJcoge in Ihe sled; a complete and versatile 
digital dola-processing, monitoring, ond simulation 
system on Ihe ground. The system provides AF scien- 
tists with accurate reduced results of a run in a few 
hours-o slgniflcont contribution to missile progress. 


The Vital 
Missile 


Bp RADIATION 

INC. 
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Above esrth. where waste heat must be radh 
ated, high sink temperature is necessary to 


most applicable methods can be chosen. 

As one step in this direction, the 
company has developed an accessory 
power engine consisting of a turbine 
and generator driven bv decomposing 
hydrogen peroxide that has an operating 
cyelc of iO min., obviously intended 
for use with the Atlas. 

Small Firms 

One of the small firms that has en- 
tered into the competition is Radiation 
Research Corp., a firm with a back- 
ground in the developnicnt of direct 
conversion nuclear batteries utilizing 
the isotopes radium, strontium, krvpton 
and tritium. 

Tliis company has proposed as a 
power source for space vehicles a di- 
rect conversion nuclear battery utilizing 
a vacuum dielectric— and that space it- 
self which is a much better vacuunr 
than is available here on earth be used 
as a perpetual vacuum pump. 

Direct conversion is the process by 
which tire charge particles from decay 
of radioactive isotopes arc collected to 
develop a poterrtial difference between 
the source and the collector which may 
be the outer casing of the battery. Iso- 
topes used for direct conversion bat- 
teries give off betit particles (electrons) 

Sccondarv conversion is a separate 
type of process by means of which the 
p.irticles given off during radioactive de- 
cay are employed to excite phosphor 
light cells which in turn excite photo- 
vriltaic cells, or are absorbed and gen- 
erate heat which acts upon tlicrmo- 

Principloa of Operation 

The proposed battery operates in 
much the same manner as more con- 


••• 

immedi^e 
delivery. . . 
pliase-lock 
discriminators 


by Hallamore 








Ready, as a “building-block” for your system application. ..Hallamore 
Model 0162, phase-lock discriminator, a compact plug-in type unit, has 
been thoroughly proven in telemetering systems of major missile programs. 
Designed around a concept entirely new to telemetry, it eliminates signal 
suppression by noise. ..non-linearity as a result of filtering.. .thresholding, 
common at low signal-to-noise levels. For quick action, wire Hallamore 
Electronics Company. Dept. 24P, 8352 Brookhurst Avenue, Anaheim, 
Califomia/TWX: AH-9079, 



HAULAMORE 

ELECTRONICS 

COMPANY 


a disisien «/ The Siej/er Corporation 



AVIATION WEEK, Jun« Id, 19SB 


239 




The Team behind Tall Tom 


The Hoffman TEAM approach (Total Engineering and Adminietrative 
Management) is a new concept in electronic systems management. Under 
the leadership of Hoffman as prime contractor, the team is concentrating 
the maximum engineering ca|>abilities of eight selected firms on 
development ot the Air Force's highly sophisticated TALL TOM 
(an/aLD- 3) Electronic Reconnaissance System. The TALL TOM TEAM 
gives promise that the comjrlete system will be delivered 
at a substantial’ saving in time and money. 


By utilizing with optimum efficiency and economy 
the specialized talents of any number of large and small 
organiaations, the Hoffman TEAM concept is 
directly applicable to research, development and 
production of other complex electronic systems. 
Inquiries are invited regarding the application 
of this unique Hoffman team approach 
to your systems problems. 



HOFFMAN LABORATORIES OlVISlON 3740 South GfsriO Avsnor, Los Anjeles 7, CBli'om.j 
SomlcomluclotAoplicjtcOhs - M^ssils Supoon Eauioireot . Eltotm-MichBoccBl EcuiDmeoi 
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vcntional direct conversion batteries. 
The radioacti'C isotope is held in the 
center of tlic battery cavity by metal 
foil wliicii is titin enough to permit at 
least 50% ot the beta particles emitted 
to penetrate the foil and reach the beta 
particle collector. 

Interior Cavity 

The interior cavitv of the hattciy is 
connected to the exterior of tlic veliicle 
by means of a tube. On the ground the 
tatterv will not generate electricity be- 
cause air in the space between the radio- 
actiie source and the collector will be 
ionized bv the radiation which will 
sliort circuit the battery. 

As the vehicle is launclied. however, 
the internal pressure will decrease with 
altitude. Generation of signifie.mt 
amounts of electricity will begin when 
tlic pressure lias fallen belon- 1 10.000 
atmospheres. 

One di.sadiantage of direct comet- 
sion nuclear batteries is that tlicv de- 
velop lerv high loltages with icn little 
current. For example, Ce'"-Pr'"' has a 
beta particle distribution with a mean 
energy of approximateli' one inillioii 
volts. 

A second promising isotope Kr"* 
has a mean energy of 220 kilovolts. 

Iliis disadi'antage, howeser, can be 
oicrconie by using a specialli' drsigned 
relaxation oscillator utilizing solid state 
deiiccs as a d.c. fransfotinet, If the 
battery output is presumed to he 100.- 
000 volts at 10 microamperes, this 
loltage can be stepped down to 100 
volts- at slightly less than 10 milli- 
amperes with about 85% cRicienev. 

In practical terms, Cc"'-Pr"‘ fission 
product is available from the Atomic 
Energy Commission in the fonn CcOi 
which has a specific activity of more 
than .66 watts per grain after three 

Assuming 50% of the radiated beta 
particles arc absorbed by the radio- 


active material itself, a 25% battery 
collection efficienev', and an 80% con- 
version efficiency, the overall power effi- 
ciency is 10%. 

Thus the power delivered to the load 
is 0.066 watts per gram or roughly 50 
vv-atts per pound at the end oT three 

Therefore, the power source has a 
capability of about 700,000 watt hours 
pet pound. 

If CeO, is used as a one niillimefct 
thick source, more than one-half of the 
current is emitted from the two sides 
of the source, 'llie total power in this 
case is five watts per square inch and 
the useful power, assuming an overall 
electrical efficiency of 10%. is 500 milli- 
watts per square inch. Ilieoreticallv. 
therefore-, a stacked Kitterv- of thi.v type 
should be capable of delivering five 
watts per cubic inch ot radioactive ma- 
terial. 

Kilowatt Source 

'nietefore. a one kilowatt source could 
be expected to occupy about five cubic 
feet of space, w ith allowance tor dielec- 
tric spacing and collector plate volume. 

Advantages of the different types of 
nuclear |)ovver sources mentioned above 
has generated considerable interest on 
the part of companies ptesentiv prepar- 
ing proposals for space vehicles and ex- 
ploratory probes such as satellites to 
orbit tlie muon and transmit back data 
for periods of as long as a veat. 

\luch additional research remains to 
be done, both on familiar systems of 
secondatv power generation and on 
such new systems as mav be uncovered 
witli the present highly accelerated pace 
of scientific advancement. 

While primary rocket power will be 
the force that eventually will put man 
in space, secondary power to operate 
equipment for keeping him alive and 
enabling liini to function will be one of 
the keys to his evciitvuil success. ■ 
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the antemia as the all-important terminal stage that makes 
or mars the effective performance of your brilliantly con- 
ceived electronic system. Then assign responsibility for op- 
timum antenna design to Admiral's Antenna Development 
Group. In conjunction with ARDC, BuAer. the Signal Corps 
and CAB, members of this grouj) have designed antennas for 
radio direction dnders, radars, microwave relay systems and 
a variety of special military equipments. Three sejiarate test 
facilities are available to the group for plotting precise radia- 

Admiral's Antenna Development Section is one of eight en- 
gineering groups organized for "task force" attack on research 
and development problems in the fields of military elec- 
tronics and nuclear radiation. Send for detailed mformation. 


Admiral CORPORATION 

eOVEUNMENT LABOEATOSIES DIVISION 




Spec/a/ engineering competence 
and exceptional test facilities mark 
Admiral's Antenna Group 
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Space to Spark Avionics Revolution 


By Philip J. Klass 

To meet the needs of space vehicles during the next decade, reliability 
of avionic equipment must be increased over present levels by a factor of at 
least 1,000, and its weight, size and power con.suniption must be .slaslicd by 
a factor of 100, boning an unforeseen breakthrough in propulsion efficiency. 


Magnitude of this challenge can be 
seen from the fact tluit all the intensit e 
efforts of the past decade to improve re- 
liability and reduce size and weiglit 
lia\e resulted in gains of no more than 
a factor of 10. 

Advance Is Required 

.\ few examples illustrate «liy a giant- 
step function advance is requited in tlie 
state of avionic art; 

• Rctiability-200 hr. of niaiiitcnance- 
frcc opcr.ition witiumt failure, con.sid- 
ered marc than adequate for aircraft 
where mission duration is 10 hr. or 
less, represents little more than a week's 
operating time fur a space vehicle or 
Sittellite. l''or many space schiclc appli- 
cations. minimum of 10,000 hr. of 
trouble-free, zero-maintenance operation 
will be required. 

• M'eight— In modern liigli-spccd air- 
craft, price paid in increased gross 
weight per pound of as ionic equipment 
carried is 1 0-20 lb. I'br a low-orbit satel- 
lite. using an efficient \'anguard-tvpc 
launching sehicle, each pound of pav- 
loacl costs 1.000 lb- in launch sehicle 
weight. I'o (Icihct the payload to Mars, 
the figure is approximatclv 12.000 lb. 
])cr pound of pasload. 

Power consumption, wliich has been 
a Imv-prinriri consideration in the de- 
sign of aircraft avionic equipment in 
the past, now becomes a critical factor 
tor space rcliiclcs— at least until the ad- 
vent of nuclear propulsion. 

'Ilicsc space vehicle needs ate diffi- 
cult to meet because the point of di- 
iiiiiiishing returns has been reached. 


using present teciinokigy. Size of asiomc 
components and assemblies has been 
squeezed down until further efforts 
tlrre.itcn to turn avionics manufactur- 
ing into a jeweler's art. It also appears 
uniifcelv that improsed manufacturing 
controls and/or testing can boost te- 
liahilitv of present techniques bv more 
than a factor of 10. 

Kntirely nesv concepts in design and 
manufacturing now appear necessars' to 
meet future space vehicle requirements. 
This svill require a fresh look at basic 
fundamentals of tire problem to be 
solved, not nicrclv an adaptation of for- 
mer design approaches. 

N'ew mainifacturing techniques such 
as the fabrication or complete func- 
tional circuits of micto-iiiiiiialurc size 
by dcctro-chemica! processes, instead 
of the use of conr entional components, 
is typicil of tlic kind of approach 
needed (AW June 2. p. 64). Major pro- 
gram to df'clop such "molecular cir- 
cuitry" ssili soon be launched bv .Ait 
Research and Dcrclopment Command. 
Molecular Circuitry 

Molecular circuitry approach in- 
cludes the design of semiconductor de- 
vices vvhicli can perform functions that 
previously required a complex circuit, 
h'or example, a new semiconductor dec- 
ade counter under development bv Bell 
Telepitonc Laboratories and Radio 
Cotp, of Ainerica-hardlv larger than a 
single transistor-promises to perform 
the same circuit function that previ- 
ously required 80 individual compo- 
nents, including 20 transistors. 


Avionic designers will find the new 
space environment permits certain short- 
cuts just as it presents new probiems. 
I'or example, hermetic sealing of de- 
vices mav not be required because the 
space environment offers a better 
vacuum than can now be achieved by 
the best available factory evacuation 
techniques. However, nevviv discovered 
intense radiation at altitudes above 600 
mi. l.AW May 5, p. 39) raises shicld- 
ine problems for semiconductors and 
(liner circuit elements. 

Small Quantities 

Fortimatclv fur tlic avionic equip- 
ment designer, number of space vehicles 
likely to be launched during tlic next 
several years will be relativclv small, and 
tliese will be able to accommodate only 
a modest aiiimmt of av ionic equipment. 
"Ibis makes it feasible to fabricate cir- 
eiiitrv under a microscope and to use 
intensive monitoring and testing to im- 
prove reliability. 

miinbcr of companies and agencies 
have iniCTO-citcnitry developments un- 
der way. Three approaches representa- 
tive of the v'.iricty of techniques under 
investigation are; 

• Army's Diamond Ordnance Fuze 
Laboratories (DOh'L) has developed 
micro-circuitry fabric.ition tccliniqucs 
that permit volumetric densities of 
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From Sanders Associates, Inc., Nashua, Neio Hampshire . . . 


RELIABILITY- PROVED COMPONENTS FOR AIRCRAFT. MISSILES. SPACECRAFT 


FLEXIBLE PRINTED 
WIRING 


Sanders Flex-pHnt® 
Printed Cireuit Cables and 
Harnesses sharply reduce 
the weight, space and cost of 
electronic and electiical as- 
semblies . . . eliminate wir- 
ing error. Conductors are 
permanently bonded in thin 
sheets of flexible plastic: 
vinyls, polyethylenes, poly- 
esters, silicones, Kel-F or 
Teflon. All lengths and cur- 
rent carrying capacities. 
Meets military reliability 


f 







KEY COMPONENTS PRODUCED BY 
SANDERS ASSOCIATES offer advanta- 
ges of jnfailing dependability . . . 
savings in space and weight ... su- 
perior performance for your guidance, 
control, and detection systems. They 
are available in production quantities 
and may be readily adapted to meet 
special requirements. Sanders also 
offers complete creative engineering, 
design, development, and production 
services with highly specialized ex- 
perience, skills, and manufacturing 
facilities in electronics, hydraulics, 
and electromechanics. Sanders can 
produce individual components or 
complex packaged systems capable of 
meeting extreme environmental and 
performance requirements. 


■ operating range 
1225‘F. Large-area 



CONSTANT DAMPING RATi GYRO 

Sanders Subminiature Rate Gyro- 

( sco)>e. Type RGB, has a nominal 
damping ratio of O.D =0.1 betw-een 
-30’C and -I-IOO'C. Simplified 
damping mechanism compensates 
for temperature changes without 
linkages. Features include; lifelong 
hermetic sealing, e.xcellent resolu- 
tion, high sensitivity, small size 
(15/16" D X 2%" LI, lightweight. 



Call or Write; 

M SRHOBR-S FISSaCIRTES mC. 

NASHUA, NEW HAMPSHIRE • Doylon, Ohio • Inglewood, Californio • Washington, O.C. 


RADAR ANTENNAS AND SYSTEMS 

Sanders Tri-Scanner^ Conical Scan 
Antenna piovides three-times the 
information rate of conventional 
fire control antennas. In use on a 
major missile system, it is light- 
weight and statically and dynam- 
ically balanced, and offers unusual 
anti-jam featui-es. Sanders also 
manufactures photoetched slot and 
spiral antennas for flush-mounted 
arrays, beacons, and comniunica- 
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about 1.000 components per cu, in., 
including 200 tr.insistors, compared in 
^0-100 components per cii. in. which 
is Ijcst obtiiinabie todav with am\cn- 
tional components and techniques. 
I'urthcr research may increase \olu- 
iiietric densit' to as high as 10.000 
components pet cn. in.. DOl'L scien- 
tists helieie. 

• Radio Cor]5. of America, under .\tinv 
Signal Corps contract, is dcseloping 
''Micto-Mndnles" which bear some re- 
semblance to N'asy's T'inkettoy ain- 
strnction. 

Tliey are expected to vicid \ohi- 
mctric efficiencies of 300 tfi -100 com- 
ponents per cu. in. RCA sass this will 
provide up to OOiT reduction in size 
and nearly as much in weight over pres- 
ent sub-ininiaturc construction. 

• Vato Manufacturing Co., under Of- 
fice of Nas-al Rescarcli sponsorship, is 
e.xperimcntally fabricating complete 
functional circuits (except for transis- 
tors) by ei'aporatire depositing tech- 
nique. Company officials predict their 
micro-circuitry tccliniqne can achiese 
equivalent of 100,000 components per 
CU- in., perhaps as many as 1 million per 
cubic inch eicntuallv, with icrv sig- 
nificant reductions in weight. Seno- 


inechiinisms, Inc., also is working with 
e\apor.iti\e deposition techniques for 
making components and circuit ele- 

Thc Dianumd Ordnance I'uzc Labor- 
atories program, currently in the pilot 
production stage, has contrilnitcd at 
least two adsanccs in micTO-miniaturi- 
yation fabrication art: 

• Concept of mounting uncased tran- 
sistor cmtals intcgrallv with associated 
circuit elements mi tiny printed circuit 
plates, with complete assembly subse- 
quently encapsulated for protection 
against contamination. 

• Photolithographic process for making 
transistors which lends itself to mechan- 
ized production. 

\\1ien the transistor «-as first devel- 
oped it was so much .smaller than the 
\acinini tube it replaced that no one 
uorried about the fact that the semi- 
conductor crystal forming the lieart of 
the denice actually occu|)icd less than 
of the total volume— the rest con- 
sisting of c-asc, base, aystal. support, 
leads and sacuum or inert gas. 

In seeking w-ass to achics-e further 
miiiiatnrization for fuze applications. 
DOI-’L scientists concluded that the 
transistors— even with the more recent 


miniature size cascs-had become a 
limiting factor to further gains in size 
and weight reduction. 

Transistor enclosure, crystal support- 
ing frame and leads arc eliminated and 
the semicoiiductur crs-stal is mounted 
directly in a tiny hole in the printed 
circuit plate, like a cork in a bottle. 
Transistor elements (emitter, base, col- 
lector) are then electrically connected 
tc adjoining circuit elements hv means 
of thin aluminum conductors laid down 
by evaporatisc deposition process, ac- 
cording to Dr. /. W. Lathrop of the 

Micro-Circuit Elements 

Tiny steatite ceramic plates, smaller 
than an adult's thumb nail, setic as a 
base for construction of DOh'L’s miero- 
ciicnitry. Plate measures T x i in, and 
is 0.02 in. thick. Conductors are pro- 
duced by a silk screen process using 
siher paint, which is then perniancntiv 
fixed to the base plate bv oven firing. 
Resistors also arc produced b> silk 
screen process to within 20% of desired 

Capacitors are produced on separate 
blanks, measuring onlv 0.1 in. square. 
Blank material is .selected according to 
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What’s your \ 

blower 

problem 



model used in the 
Stratocruiser 


^ SMALL 



oT housing 
coniigurolion (o 


Models for; 27 Volt. D.C 
U5/200VAC, <00 ops 

At Dynamic your needs receive 
the experienced analysis and 
careful recommendations gained 
from over 15 years of research 
and manufacturing experience, 
devoted exclusively to aircraft 
and airborne equipment. In many 
instances the modification of one 
of Dynamic’s 100 proven active 
models will save you weeks, or 
even months of time and remove 
the uncertainties which enter 
into a new installation. 
Semember too, Dynamic makes 
the entire unit including the 
motor, so responsibility for 
warranty rests squarely with us 
and schedules are met. 


nVMAMIPi/^ JMIV 

u T n«miu TTfiT 

E N G I N £ E R i N G /„<. 


7412 Male Avenue, Los Angeles 1, California 

SPECIALISTS IN AIRCRAPT AND 
ELECTRONIC SLOVUER APPLICATIONS 
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TYPICAL WAFER COMPONENTS 

CERAMIC CAPACITOR- 


RESISTORS— 
• COIL^ — _ 




.'I 



FILTER 

^ ^TRANSISTOR 

ELECTROLYTIC CAPACITOR 

TYPICAL MODULE ASSEMBLY 
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clit'luctric cimshiiil rci|iiircd fur \uKic of 
c-.ijjucihiiitu. Siher pnint liiid down !n\ 
mIL screen |jriitess |)nniiite' enpneitor 
phitea. Ciipiicitors are then flusii- 
inounfL’d in yimill indeiitatiims nia- 
diined into the larger eirenit base 
plate. 

.\t present, 0.01 infd. is the largest 
tapaeitor that IXll'l. produces, hnt 
these i-,m he flush mounted in a hack 
to Iraek fasihon to doiihle tliis salne or 
interconnected to §he higlier talncs. 
! In.sh moiinting of e.i|>.icitots is a space 
sating feature uhicli permits resislhe 
elementi. to lx; placed on top of a 
capacitor. 

Producing inductors, ijarticulaih in 
larger talucs. icinains ime nf tlie major 
misoltcd problems in DOI'l.'s niicro- 


cirenitrt .tpproach. according to 
l.athri ip. 

This limits the technique to circuits 
vtliich require onh resistors, capacitors, 
tiansistors and diodes, sucin as RC 
cmipicd auiplificts. digital computer 
ni|)-fio|5 ami fiinait counters, 'rechiiiqnc 
also is limited to loss posvcr/currcnt ap- 
plications. and to circuits svlicrc toler- 
ances on indisidual component salucs 
are not critic.ih .\merican Bosch .Uina 
Corp.. one of several companies inscs- 
tigating the OOl l. fechiiique. heliescs 
it mas enahle the conipans to slash 
size and sscight of ’J'itan guidance com- 
I' liter bv factor of 10 over ixrst obtain- 
able svitli present sub-miniatiirc con- 
struction. 

I’hotolitiuigraphic process for fabri- 



MINIATURE transistor r.idio rcteiser llieliiss) of eonvcniional corntrucHoii can be squeezed 
into a foiiiit-iiii |wii size coiihiinct (abovei using RCY's micni-niodnic construction. 
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MARION MECHANISMS 

. . . designed to meet system objectives 
Each of these Marion mcchanisnis is a solution to a specific indicating or 

was begun and carried through to achieve a certain combination of weight, 
size, roadability, stability, ruggedness, or other mechanical and electrical 

Marion Mechanisms are providing, in the latest and most advanced inte- 
grated indicating systems, proof of the virtues of this design approach. 

marion electrical instrument company 

Grenier Field, Monchester, New Hampshire 








SECTOR DISPLAY STEERING INDICATOR 







HIGH ACCURACY SHIELDED 
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c.iting transistors is not limited to units 
intended for niicro-ciraiitr). Number 
of transistor niamifiicturers arc currently 
t.ypcrinicnting with flic process for pos- 
sible use in making consentional semi- 
conductors. .Mtlujugh problems remain, 
tire tecliuique bolds promise of a 
mocleratciv low-cost, m.iss-ptoductimi 
method for making scniiconductoi de- 

DOl'L has successfully used its |jlioto- 
ctcli technique to produce P-N-P dif- 
fused base germanium transistors, eap- 
iible of operating in mccliuni frequency 
t.uigc. Current inscstigations indicate 
the technique may be c\cn easier to 
apply to silicon dcsiccs, altliough none 
has >et been made by DOl'L. 

Starting with tins' P-tvpe germanium 
blanks (0.0-1^ in. so. by 0.01 in. thick), 
into sshich arsenic lias been diffused to 
preside a thin (9 microns) layer of N- 
t\pc geniuinium on one surface, a coat 
of photii-seiisitiic material is laid down 
on the N'-type surface. This is exposed 
to ultra-i'iolet liglit through a mask or 
photo-nejitii e containing a rectangulat- 
shaped pattern with Icngth-to-widtli 
ratio of about s to 1- Blank is then 
dipped into developer solution, wiiieh 
rcinoies rccbangular shaped area of the 
photo-scnsitii'c coating. 

Next the blank is exposed to alu- 
miniini inpor whieli dcpo.sits user entire 
surface, making contact with N'-type 
germanium layer only in rectangular 
iirrsi utCAioush' etched away. Remainder 
of pliotosensitivc coating is rcmoicd 
and blank is heat treated to form alloi' 
junction betiveen aluminum rectangle 
and the N-type germanium to produce 
the transistor emitter. 

Similar process is used to lay down a 
parallel rectangular area of gold (with 
small amount of antimoni' added) to 
form the base electrode. A third etching 

of the N'-tipe layer, leaiing a pedestal 
iihich supports the two parallel rectang- 
ular shaped deposits. 

When the dev ice is viewed from the 
side under a microscope it resembles a 
railroad ttiicfc on a gravel raidbed. Tiie 
base and cmittor resemble the two 
tracks, the remaining pedestal of N-t' pe 
germanium layer resembles the gra'cl 
Ksidbed. while the thick P-type gcr- 
nuuiium collector resembles the earth. 
(Sec sketch, photos.) 

Similar plioto-ctch processes ate used 
to dcpo.sit thin ahimimmi conductors 
which connect transistor electrodes to 
other circuit elements after transislor 
crystal has been mounted in stc-atite cir- 

Maximum alplia cut-off frequenev of 
the several dozen transistors produced 
to date by DOl-'L is about 20 inc., but 
figures as' high as 600-800 me. mav be 
))Ossib!c. according to James N'all, Op- 
erating frequenev can be increased by 
reducing width and length of the rec- 
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reason ® „ you. also? 

■;i US send them w you. 


let us send them to you. ^ ,, 

The reports will cover f !'S‘owtrque 

set new <"«X 
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worth knowing. 
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BAUSCH a, LOMB OPTICAl. CO. 

Please add my name to your distribution list i 
of B4L Infra-Red Progress Reports. i 
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Time on the ground costs money between 
touchdown and take-off. Any aviation product 
which can cut “ramp time”, cuts an airline’s 
operating costs. Sinclair Aircraft Oils have earned 
the reputation for prolonging engine life — 
cutting maintenance. Proof of this is the fact 
that 45% of the oil used by major scheduled 
airlines in the U.S, is supplied by Sinclair. Isn’t it 
time you, too, cut your cost of operation by 
using Sinclair Aircraft Oil? 


SINCLAIR 
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Airborne 
Miniaturized 
Mylar* 
Capacitors 
help reduce 
weight and 
bulk in 
electronic 
packages 



Developed originally for motor start 
and run purposes. Airborne minia- 
turized “Mylar" capacitors are cur- 
rently finding increasing application 
in electronic circuits where small 
size, light weight, and high reliability 
are of paramount importance. 

Typical of such applications is one 
of our Dim servo control amplifiers, 
shown above. Used as a component 
of an Airborne-designed oil tem- 
perature control system tor high per- 
formance aircraft, the amplifier con- 
sists of a .1% precision resistance 
bridge, stable feedback transistor 
amplifier, reference oscillator, phase 
demodulator, and relay output am- 
plifier. Production units employ 
printed circuitry. 

Two of Airborne’s miniaturized 


“Mylar" capacitors are utilized in 
this particular amplifier — a .1 mfd 
unit for tuning in the reference oscil- 
lator section of the amplifier and a 
.2 mfd unit for phase shift correction 
in the stable feedback transistor 
amplifier section. Capacitors are 
epoxy encased and are designed to 
meet or exceed Government speci- 
fication M1L-C-25A. 

Wound of thin metallized “Mylar" 
film. Airborne miniaturized capaci- 
tors are ruled up to 600 v d-c, 330 v 
o-c and have an operating tempera- 
ture range of -75 to -|-300 F- At 
300^F they will withstand 120% 
rated voltage for 250 hr. 

Write, phone or wire for more 
information on Airborne special de- 
sign miniaturized "Mylar” capaci- 


tors. Inquiries are also invited on 
complete electromechanical control 
systems. 


TVPICAL SPECIAL CAPACITORS 



LINEATOR# • ROTORAC® • TRIM TROL® • ROTORETTE® • ANSLgear® ■ ROTOLOK 


AIRBORNE ACCESSORIES CORPORATION 




Circle Number 7Son liegder-Servica Card 
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tangulat electrodes. Tlicse already are 
down to about 0.01 in. Further reduc- 
tions are possible, but not easy, because 
of ptohlems of grain size in photulith 
iie^tives and maintaining registry. .\n- 
olher possibility is to use different elec- 
trode shapes and this is currently under 

Same basic tcchnic|HC can be used tii 
produce semiconductor diodes, with a 
circular electrode on a circular pedestal 
instead of rectangular configuration used 
in transistor. 

RCA's Approach 

Radio Corp. of America's approuch 
to micro-circuitry for the Signal Corps 
program will use combinations of 0.3 
in. sc|. modules of sacying thickness, de- 
pending on the function of the module's 
circuit. Each module in turn «ill con- 
sist of an electrically interconnected 
stack of 0.3 in. sq. ceramic wafers, 0.01 
iu- thick, each containing one or more 
components (sec sketch, p. 246). There 
will be provision for shielding or isolat- 
ing individual wafers as required. 

RC.\’s wafer module bears some re- 
semblance to the Navy 'I'inkertov mo- 
dule but RCA wafers will hare only 
about one-ninth as much surface area. 

Wheterer possible cumponeiits will 
be fabricated directb' on the thin cct- 
atnie wafers. This will include transis- 
tors, diodes, capacitors and resistors. 
few components such as larger induc- 
tors may be fabricated seinir.iteK and 
Ihen iimunted on a wafer. 

Fabrication of indisidual wafers and 
complete modules is “ideallv suited for 
automatic manufacturing with com- 
pletely controlled processes.” according 
to B. V. Dale, chief engineer of RC.A's 
components division. 

Company altcndy ha.s built experi- 
mental samples of a complete broadcast 
radio receirer in a fountain-pen size cini- 
biiner using new micro-circuit modules. 

Here is brief run-down of RC.\'s 
planned approach to fabrication of 

• Transistors— RCA's Semiconductor 

Division has produced samples of a flat- 
alloyed traii.sistor construction which 
appears ideal for wafer configuration. 

• Resistors— Investigations to date indi- 
cate that both carbon composition and 
highly stable carbon or metal precision 
quality resistors in values ranging from 
10 ohms to 1 megohm can be produced 
on the tiny wafers. 

• Capacitors— Using wafers made of 
controlled tempcTaturc coefficient mate- 
rials as a dielectric, it is possible to pro- 
duce precision capacitors with values of 
i to 100 mmfd. For higher c.iparitancc 
\alucs, RC.\ is dcieloping isroccsses for 
depositing thin dielectric films on the 
wafer. Company has produa-cl capac- 
itors with rallies up to 1 mfd. hr- these 
techniques. Investigations to date indi- 
cate that wafer tipc elcctrolytics can be 


which one knows what the little hex Is for? 



You kimw, because you. like the little black bos; 
ere of and for the Space Age. It's a miniature 
high-speed commutaler which will operate prac- 
tically forever, sampling up to 30 low-level ac or 
dc Inputs at speeds up to 2500 samples per sec- 
ond. Weighing considerably less then a pound and 
occupying less than 30 cubic inches, this new 
achievement of the Wiancko Engineering Company 
is ideal for telemetering applications under severe 
environmental conditions. High, accurate output, 
extremely long life and reliability, cascading cap- 
ability, and a great variety of switch speeds are 
all inherent characlerislics of this smell package. 
The Wiancko reputation for reliability and accu- 
racy is combined in this tittle box with some pretty 
advanced engineering, 

Of course, you knew this ell along, but if you’d 
like to know more, there is e brand new Bulletin, 
Number 103, that is yours for the asking. 



NEERING COIVtPAr 
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TO KTEST THE S-A^HID 


T!h.ey try to “ma,is.e life cilfflcu-lt” 


The brittle cold of the straiosphcre ... the hcit of air-skin 
friction ... the acceleration and vibration of l.iuiich and 
flight ... the unfavorable conditions inherent to storage 
and handling ... all these factors can play havoc with a 
guided missill 

Huclics Research and Development cnginccn have de- 
signed the Falcon air-to-air guided missile to operate under 
the most severe conditions. Environmental testing (see 
Sand & Dust Test at left) subjects missiles to extremes in 
tcinperarurc, shock and other trouble-raakit^ conditions. 

The Falcon missiles, with either infrared and radar guid- 
ance systems, measure only about 6H inches in diameter. 
Complex guidance, control and auxiliary systems of each 
missile ate installed in a space no bigget chan a stovepipe. 

The research and development skill ret^uired Co success- 
fully engineer the Falcons typifies the challenge present 
today in other Hughes guided missile assignments of a mote 



classified nature. A few of the areas being einphasiacd by 
the Hughes Research and Development Laboratories in- 
clude missile launchers and power planes, guidance s)'stems, 
reliability, product design, microwaves, aerodynamics, 
field test and celemecering, sness analysis and related areas. 

High orders of engineering skill arc also manifest in 
other Hughes activities. The commercial area, Hughes 
Products, has rcccndy announced the development of a 
numeticil control system which will automate a complete 
and iutegrated line of machine tools. The Hughes Ground 
Systems Division has developed a radar antenna wliieb 
provides three-dimensional target data from a single an- 
tenna, cransmittcr and rcceivuig channel. 

Apart from the diversity of activity and the highly re- 
warding type of work, prospective employees may have 
confidence in the fact that Hughes will retain its leadership 
in the field of advanced electronics. 



Communications 

Environmental 


Computer Enginee 
Crystal Filters 
Microwaves 
Field Engineering 
Aerodynamics 


tKrifr, tritjiy etirliiim^ your rapfrirntr, to Mr Phil N. Sdieid, 
HugiKs Ctrtrrol Offiers, BUg. 6-B, Culurr City. CaUfirttia. 


Cnolhtg o ucui mrii iv/l/i ELECTRONICS 


HUGHES 


HUOHtS AIRCRAFT COMPANY 
Culver City, EiStgurdo, 

Fullericn orti Los Angehs. Caitfomia 
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AMPHENOL 


High temperature MS “F'-type con: 
Operating temperature of 400T. coni 
Complete line. Removable Poke Hon 


built in valuci from 0.1 to 10 mfd. 

• Inductors— Toroidal windings using 
ferromagnetic cores ss ill be used to mini- 
mize spurious radiation and coupling 
[Moblcms. Inductance sallies ranging 
from fractions of a inicrolicnry to as 
liigli as 10 mil in wafer sizes appear 
realizable. To eliminate need for large 
audio inductors and traiisforincrs. RC;\ 
expects to make use of coinplcnientat' 
Snnmetrv tecliiiiqucs in application of 
transistors. 

• Tuning elements— Reverse-biased 
semiconductor diode appears to be tlie 
most promising approacli to tuneable 
elements Iwcausc it is extremely small, 
lias negligible temperature coefficient 
and liisteresis. according to Dale. 

RCA's current S9 million Arinv con- 
tract. uhicli runs for two rears, is 
expected to bring it.s micro-module pro- 
gr.ini to tile jsoint where pilot produc- 
tion models can be fabricated. 

.\ltlimigli RC.^'s imincdiate goals rc- 
t|uire tbc use of more or less comcn- 
tioiial extensions of existing component 
tccliniciucs. the micro-module concept 
is broad cnougli to inairporatc new con- 
cepts in complete solid state circuits 
uliich might be dereloped in the future, 
according to O. B. Cunuingham, chief 
engineer of RC.\’s Surface Coniniunica- 


Varo Micro-Circuitry 

One of tire most ambitious and futur- 
i.stic aijproaclies to micro-circiiitrv is 
that liciiig dcieloped by Varo Manu- 
facturing Co., a Garland. Tex., avionics 
niaiiufactiircr. Company began active 
investigation of use of vacuum deposit- 
ing process for fabricating complete 
functional circuits about two years ago. 
Office of Naval Research took over 
piogtain sponsorship about a vear ago 
because the teclimque looked like a 
promising way to reduce size and weight 
grcatli and improse relialiility of an air- 
Ijorne digital computer required for 
ON'R’s iutegriited cockpit display pro- 


Varo now works closely with Setvo- 
mcchaiiisins, Inc., whose scientists arc 
developing ncv\ malerials for possible 
use in the latter company's program to 
produce extremely tiigh temperature 
coiiiponcnts by tlic vacuum depositing 
process. (AW' Sept. ?0. 19s7. p. 70.) 

Ill tlie cvapor.itive depositing process, 
a cniidvicting, seiiii-conducting or di- 
electric material is heated to its vapor- 
izing teniperafiirc under a high vaemun. 
lire vaporized material tbeii deposits in 
.1 thin film on a suitable substrate (base). 
Shape of the film deposited can be con- 
trolled bv pl.icing a mask of desired 
.shape bcKveen vapor source and suls- 


•\notlier possibility currently being 
investigated by \'aro is to charge tlie 
vapor particles, then use a magnetic 
field to deflect the ion beam to trace out 
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New GENISCO 
flight control 
accelerometer permits 
check out of system 


This newest Genlsco instrument is a modified 
version of the unusually rugged, miiitarv certified 
Model DDL Accelerometer. The Model DDL 
was developed specifically to withstand severe 
vibration and stress in high-speed aircraR, guided 

now in use on many of the nation's fastest opera- 
tional Jet fighter aircraft, 

In the new Model DDT two miniaturized sole- 
noids have been added to the basic design of the 
Model DDL. When actuated, these solenoids dis- 
place the mass through its full range permitting 
rapid, functional tests of system reliability prior 

Only brief specifications of the Model DDT are 
given below. Copies of Technical Data Sheets 
giving complete specifications will be sent upon 
request. 

Because most p.arts of the new Model DDT are 
interchangeable with the Model DDL now in 
high-quantity production, price and delivery are 
particubrly good. 
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Giannini 

PRESSURE TRANSDUCERS 
for any airborne application 

These instruments are typical of the extensiue 
Giannini line of presssure transducers: 



451218 -'CUBIC INCH" 

SIZE: One inch cube 
WEIGHT: 2 gunces 
RESOLUTION; to 300 wires (0-33%) 
RANGE; 0-15 Co 0-50 psi (a. d org) 




lilt desired puttern on substrate— simi- 
lar to use of a iiiagiictic field to ciefleci 
electron beam in a 'A' tube. 

Structure of the thin film can be 
controlled by the choice of substrate 
uiaterial andA’r its surface temperature, 
ibis suggests that it should be possible 
to prrKluce transistors by the same proc- 
ess. Both \’arn and Sersoincchanisnis 
base produced scinicouductnr diodes by 
esaporatise depositing process and it 
appears to tx' just a c[ucstion of time 
until field effect transistors can be fab- 
ricated the same way. 

Complete Circuits 

X'aro’s work is aimed at producing 
integrated functional circuits bv \-acuuni 
deposition rather than merely fabricat- 
ing a aillection of indisidual compo- 
nents. .^s a result it not only acliieses 
nuijor size and uvight reduction, but 
fre-quentls ends u|3 with improsed cir- 
cuit performance. 

1‘or example, in many filter networks 
it is possible to improve performance 
characteristics if network i.s constructc-d 
of an infinitelv large numlx;r of cou- 
rentioiial components (distributed con- 
stants!. But because of cost, size and 
ueiglit considerations, the circuit de- 
signer compromises for a less idealized 
network using far fewer elements 
(lumped constants). 

In producing an RC network. Varo 
can deposit patterns of conducting and 
resistive films on 0 |jpositc sides of the 
substrate so they jointly perfonn like a 
distributed constants network. This is 
aetually easier and less costly than pro- 
ducing the less desirable lumped con- 
slants network. 

\'aro has developed techniques which 
make it pos.siblc to simultaneously evap- 
orate several different tvqxs of material, 
mix and deposit themi on the substrate 
in controlled proportions. This "molec- 
ular metallurgv.” as Varo refers to it. 
ixrinits the allnving of materials with 
widely dilferent vaporization tcmijera- 
tiires-something that cannot be done 
bv conventional metallurgical processes. 

Molecular metallurgy opens the way 
to cre-.itiag new tvpes of materials that, 
for example, can be used to produce ic- 
si-tors with linear or non-linear chaiac- 
toristics, with a variety of temperature 
coefficients, according to Jack Smith. 
Varo's vice president of engineering. 

In the course of developing molecular 
(ircuitrv fabrication teciinique.s, \'arn 
h;is produced an interesting variety of 
experimental integral circuits. .Mthough 
Smith emphasizes that there has been 
mi attempt to achieve inaximinr. pos- 
sihlc miniaturization at this stage, no- 
table size and weight reduction already 
has been realized. Representative -rir- 
cuits that Varo has prndua-d include; 
• Carrier generator (RC oscillator) orig- 
inallv consisting of eight resistors, six 
cipacitors and a subnviniaturc tube has 
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Force WB-aOs exactly where they are 
cverv flight second. 

GPL aulo-navigalors give an instan- 
taneous and continuous display; 
Ground Speed and Drift Angle; Wind 
Speed and Direction; Longitude and 
Latitude; Shortest Course-To-Destina- 
tion; Steering Signal To Pilot {or auto- 
pilot). 


The sv-stems were developed (or the 
Air Force (WADI’). They are the re- 
sult of an achievement comparable in 


harrier; GPL's harnessing of the Dop- 
plcr-cITect to air navigation. 

The benefits of these GPL svstems 
extend to every area of flight. Their vast 
potential has just begun to be explored. 



ANY TIME, ANYWHERE, ANY WEATHER 


One look and the pilot KNOWS. At a glance, he 
reads actual ground speed and drift angle, displayed 
on his flight panel — automatically, accurately, and 
continuously. 

How? Through the famous RADAN* family of 
self-contained GPL Doppler auto-navigators, recently 
released for civilian use. 

For civilian aircraft, RADAN systems mean pin- 
point navigation, reliability, savings in precious time 
and fuel, a priceless margin of safety. In its wide and 
growing applications for the military, RADAN pro- 
vides aU these, and continuous velocity data as well. 


GPL systems have behind them many millions of 
operational miles in transcontinental, oceanic and 
polar flight. RADAN systems herald a new era of 
faster, safer, more economical civilian flight. 

RADAN is ready and available now to everyone. 


c:pr- 


IK; 


GENERAL PRECISION UBORATORY INCORPORATED, Pleasantville, N. Y. 
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LINK YOUR CAREER TO TOMORROW 



Sure, there’s a lot ot dreaming still to be done in 
electronics! But there’s an awful lot that needs doing. 
Link Aviation, Inc., pioneer of flight simulation, 

w operating fine new laboratories at Binghamton, 
New York and Palo Alto, California, for that very 
purpose ... to put electronics to work at new exciting 
Jobs. A selected number of engineers are needed 
at this time. 

There are many reasons why Link chose these 
communities for their laboratories. 

You can settle down and raise a family. And, if 
you intend to continue advanced technical study, you 
can benefit from the Honors Cooperative Program that 
provides advanced study, under regular University 
curriculum, during working hours with all tuition 
expenses paid by Link, The engineers Link selects will 
not be the type who have mere “competency” as their 
standard. Nor will they be the ivory-tower genius type 
(though some works of genius may be expected). What 
Link needs is men who will carry projects through from 
concept to development. In addition to providing you 
with a comfortable physical climate in which to live, an 
ideal mental climate in which to work, and an enviable 
academic climate in which to advance your studies, 

Link furnishes you with all those employee benefits you 
associate with the most advanced management practice. 
Fine pay. Good vacations. Generous hospital, health and 
retirement benefits. Link is right in believing “we speak 
your language” because management men are engineers. 
They understand your work and point of view. This kind 
of administration provides 
engineering thinking right up to 
policy level. If this stimulating 
climate appeals to you... 




KEARFOTT INERTIAL SYSTEMS 


KesiTott’s lightweight Inertial sys- 
tems has been.proved by 4 years 
of exhaustive flight testing. These 
systems are in production. 


The ability of any weapon to perform its 


mission 

is a function of the precision and reliability of its 

guidance system. Kearfott has been producing 
inertial components and systems for missile and 

aircraft applications for more than 7 years. You can 
look to Kearfott for the precision and reliability required 

in the design and production of this equipment. 






KEARFOTT COMPANY, INC.. LITTLE FALLS, N. J 
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been diipliciitccl by nioleculat circuitry 
tetliniiivits with appruximatety i 20 to 
1 reduction in size and weight, bii- 
ptmed peiformancc obtained with dis- 
tributed constants network ijerinits use 
t>f transistor instead of suli-miniatiirc 
tube used in urighvil versiuu. 

• Eceles-Joidan binary counter, orig- 
ina!l\ employing scren resistors, four 
capacitors and two transistors has been 
reproduced entirdv by sueunni deposi- 
tion, except for two transistors. 

• DC ani]jlificr, consisting of four tran- 
sistors and 12 resistors. 

Improved Reliability 

B\ eliminating most of the soldered 
interconnections required in conven- 
tional construction. Varo helicr es it i 
will get rid of a major source of iiiirc- 1 
ILibihtv. .^n c\en more important relia- ' 
bilits gain should result because of the 
inherent cleanliness of the esaporatisc 
deposition process, fabrication t.ikes 
place under vacuum at elevated tem- | 
peratures. Process of ''boiling” Hie 
working material, like distillation of 
water, tends to separate out many un- 
wanted impurities in the working nia- ' 
tcrial. It also is possible to use tech- 
niques such as those employed in mass 
spectrometers to segregate unwanted 
elements in the working material vapor. 
Industry Impact 

Whether the etaporative deposition 
or some other process ultimatelv provc.s 
best for fabrication of molecular cir- 
cuitry. there can be little doubt that 
the impact of this new concept will be 
felt tiuougbout the electronic industry 
-including consumer products. 

The molecular circuitrs- could upset 
traditional lines of demarcation be- 
tween component and equipment man- 
ufacturers. Because it is a direct threat 
to conscntional components, compo- 
nent manufacturers mav be expected tu 
consider developments of this sort. 

lloweser, development of molecular 
circuitry will require moa‘ investment 
in long-hair basic and applied research 
than many sm.ill component makers 
can afford. If also will requite consider- 
ably mote knowledge of circuit design 
than at present. Perhaps a number of 
smaller component makers will take a 
leaf from the book of medium-size avi- 
onic equipment manufacturers who .ire 
now forming teams for pooling of funds, 
facilities and manpower to submit joint 
proposals on projects too large for anv 
one firm to handle. 

Major efforts probably will be carried 
on by major equipment inainifactnrers, 
many of whom also are heavily engaged 
in etrmponent and semiconductor work, 
sucli as American Telephone & Tele- 
graph Co,, General Electric Co., Inter- 
nationa! Business Macliincs Coqj., 
Hughes Aircraft Co., Phileo, RC.\, and 
Texas Instruments Inc. ■ 
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THE RALPH M. PARSONS COMPANY 


Swcessful 

Jicsaaxk and Devthpmn 

Facilities by Parsons 
include... 


Engine Test Cells 
^*'jel Engine 
\ k Maintenance 
Facilities 
High-Energy 
Fuel Plants 
Electronic 

ion 

Support 
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NSHLAt'^rED CORNEA FOR AMERICAN DEFENSE 


Transplanting creative thinking into reliable avionic and sensor systems and 

equipments Is our business: guidance . . . navigation . . . data presentation 
. . . reconnaissance to list just a few of our specialties. 


CHICAGO IIMDUSTRIES 



CONVENTIONAL propulsion uictbods account fnt 909E of the money and effort devoted to roeket propulsion research and development 


Advances Made in Conventional Fuels 


By Michael Yaffec 

Over 90% of the money and effort actualiv going into rocket propulsion 
research and dcrelopmait is being spent on the improvement of conventional 
proprellants and engines rather than on the development of radical, new 
powcrplants. The goals of the researchers arc comparatively niodosl. They 


• Development of storcablc liquid pro- 

pd].iiifs. 

• Increased grain size in solid propel- 

• Production of liquid propellants that 
can 1)0 substituted in present engines 
uitliout major luirdwate niodififtltioiis. 

• Greater thermal stability in solids. 

• Pro])cIIant combinations tailored to 
specific engines. 

• Increased densitv. 

• Higher specific impulse. 

Significant Advance 

Some sienificant advances toward 
these goals have already been made. A 
striking demonstration of this, for ex- 
ample. was the launching earlier this 
year of the first United States artificial 
satellite, Explorer I. Tlic modified Red- 
stone missile used as tlic first stage of 
the carrier rocket burned a mixture of 
liquid o.xygcn and Ilvdvne in place of 
its usiuil mixture of lox and alcohol. 

Ilvdyiie, developed bv Nortli Ameri- 
can Aviation, is a 60-40 mixture of 
unsviimictriCTl dimethvihvdtazinc and 
cliethylenc triaininc. which also goes by 
tlie more general name of UDETA. 
Substituted for alcohol with only minor 
modifications in liardware. tlie new fuel 
increased thrust bv about 12%. 

But as a substitute fueX UDETA is 


limited for the most part to propellant 
combinations containing alcohol- Tlic 
specific impulse of the lox-UDKT.A svs- 
tcni, about 270. is not a great enough 
iiiaease over the 266 of !ox-R!’-l com- 
binations to cnn.sider UDET.-k as a re- 
placement for the hydrocarbon fuels. 
Even if it wore, there is tlie important 
consideration of physical properties. For 
one fuel to replace anotlier in an exist- 
ing missile, the substitute must liave 
tlie same density and mix vvitli tlie 
oxidizer in the same ratio ;is original. 

If all these conditions (and others 
such as cost and compatibility of clieini- 
cal chatacteristics) could be met bv a 
new substitute fuel tlnit offered higlicr 
specific impulse, then the mihtarv is 
definitely interested. But tlic cliahccs 
of this happening arc fairly remote. 
Otlier than UDE I'A. tlic oiilv candi- 
dates mentioned for sulistitutiiin so far 
are the following fuel combinations: 
Indrazinc and RP-I; imsvmmetrical di- 
niethvl livdrazinc and |P-4; and hvdra- 
zincaiidUDMH. 

For solid propellants, tlie prolilems 
of substitution are much less severe be- 
cause of the absence of most of tlie 
plumbing (i.e. fuel tanks, jiiping, valves, 
etc.) associated witli liquid engines. By 
the same token, there would be little 
need for substitution since it would be 


almost as simple to build a new engine. 

As the production and testing of 
rocket engines increased and as the 
engines themselves grew in size, the 
military decided tliat it was necessary 
economically and logistieallv for flic 
large rocket engines to bum cheap easily 
available hydroe.irlxin fuels. 

But as the engines improved, their 
fuel needs became better defined and 
more stringent. Ihc need now is for 
fucl.s tailored to fit specific engines. 

JP-4 will continue to be tlic major 
fuel for years to come, according to 
Ben h'. \\’ilkcs. .kcronaiitical Research 
Administrator, Headquarters, USAF. 
But JP-4 is a faitlv wide-cut kerosene, 
containing comparatively numerous im- 

E urities and in iiianv wavs inadequate 
)t even tlic present eeiieratiini of 
rocket engines. Interested in imptoviiig 
tlie undesirable cliaracteristics of JP-4. 
rcsearcliers have come up with a miin- 
ber of new livdrocarbon fuels. 

Among the more significant of these 
new hydrocarbons art )P-6, JP-6H, ami 
RP-1. JI’-6 is a wide jxitroleuni cut 
with increased thermal stability and 
less sevCTC freeze point requirements. 
In an effort to define more closclv the 
projxirtics of JP-6. tlie researchers came 
up vvitli a very narrow cut called JP-CH 
(II stands for heart cut) vviiich has a 
more closely defined boiling range and 
performance characteristics. In RP-1, 
a relatively liglit cut hydrocarbon, most 
of the contaminating aromatics have 
been eliminated vvitli a resultant in- 
crease in tlicrmal stability of the fuel. 

All of these newer hydrocarbon fuels 
were developed to meet tlic growing 


OHIcas: i 
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thcmial stability demands being placed 
on these fuels as a result of their sec- 
ondars’ role as thrust chamber coolants, 
fn addition to thermal stability, these 
petrolann based fuels, according to 
Wilkes, must base a nceiigible tendenev 
to deposit coke during flo«- llitougb 
lire cooling jrassages. This would pro- 
duce local hotspots and result in thrust 
chamber burnouts. 

sayr’Gulf'Res«tX''& DeJdopmen[ 




Wells, hmvevcr, feels tliat the high 
densitv hvdrocarbon fuels of these tvpes 
together \vitli )P-6. |P-6I1 and RP-1 
will make up only a very small part of 
tlic total militars’ fuel reouirements in 
the foreseciible future, 
time, \Vclls, agreeing 
Wilkes, sees JP-d not only as 
est volume product, but actually s 
passing aviation gas by I960. 


One of the 
in tlie solid p 
the recent a 
Mathicson Ch 
Chemical Co. t 


t significant csciits 
lant field has been 
icements by Olin 
1 Corp. and Callerv 


deselopmcnt a high cnerg\-, solid boranc 
racket propellant- \Miile these t«o 
programs may lead to the first major 


eral. 'l-hc Hiiokcl engine contained 

Like tlie solid homne rocket, these 
large solid propellant engines arc not 
slated for use in the present generation 

On tlie hardware side, work is con- 


f.ictuting n 
of perfection 


peraturc sensitivit; 
of most solid propel! 
0.05 to 0.2% per • 
initial temperature, 
performance of tiie 


is reported 
’ the polv- 
he older 


SilSs 

80% of tlie total propellant weight. 
Of late, lithium perchlorute has been 
getting a great deal of attention be- 
cause of its higli percentage of available 
Qxvgen. But flic compound is liigro- 


Conscquentlv, ammonium nitrate still 
holds sway among solid oxidi/cts. 

Double-base propellants, whose piopu- 
larity has dropped off sharply in the 
past decade, offer another means of 
impros'ing the position of solids, accord- 
ing to Herailes Powder Co., a major 
eoiernment contractor in this field. 
I'o proi’c its point, the company re- 
cently started building its own facility 


in Utah, in which it will carry out 

meut officials, is for logistic simplicitv 
coin|siralilc to that of solids. Iliis 
means nionopropcllants or storeabic 

area is twofold; T l•irsf U.S. Irallistic 
able for the next five years, are eom- 


Si=r“'iESs 5 

that uiight lead to new. Iiighcr energy 


pIK it'fs workinVon^ou1d"\h^^^ 
reliability with practicalli’ no sacrifice in 
tlie performance offered by pre.sent bi- 
propcilant .ssstems. 

'Hie bulk of the research effort in 




I of its low boiling 
iiund tliis, lox gen- 
at the launching site 
ippcd off. necessitat- 


notalily red turning nitric acid (wliich 
is generally inhibited with hydrogen 
fluoride), nitrogen tetroxide, and mixed 
oxides of nitrogen— which luu’e been 
under study liy the Jet Propulsion Lab- 
oratorv and similar rcscarcii centers and 
which show good storcability. 

Wlicn tlie military first decided to 
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The first approved oils for jet age airlines 


A new era in aviation is imfoiding— turbo-jet airliners 
are joining our commercial aiiOine routes. E.sso is espe- 
cially proud that its Turbo Oil 15 was the first to be 
approved for use in the new Pratt & Whitney jet engines 
. , . and that Esso Turbo Oil 35 was the first to be ap- 
proved for the new Allison Turbo-prop engines. 

A decade ago, Esso Research anticipated the need for a 
new syntlietie lubricant for aircraft turbine engines. 
Working with American and British designers and manu- 
facturers, Esso Turbo Oils 15 and 35 were developed. 
Becau.se these synthetic lubricants were used by manu- 
facturers of jet engines in the development and te.sting 
of these new engines, they are thoroughly time tested 
and performance proved. 

Esso Turbo Oils 15 and 35 were the first turbo oils to be 


approved by manufacturers of the following commercial 
turbo-jet and turbo-prop engines: 

Pratt & Whitney JT-3 and JT-4 Boeing 707 • DC-8 


Allison 501 Lockheed Electi'a 

Rolls-Royce Dart Vickers Viscount • Fairchild F-27 

Rolls-Royce Conway Boeisig 707 ■ Douglas DC-8 

Rolls-Royce Avon Sud-Aviation • Cai-avelle 

DeHavilland Comet IV 
Bristol Proteus 755 Bri.sto! Britannia 


You can depend on Esso —first in quality and in service ! 


TURBO OILS 
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shift its large liquid rocket engines to 
the less expensive hydrocarbon fuels, it 
mil into difficulties with the engines 
using nitric acid as the oxidiset. It 
appears that the nitrogen-based oxidiz- 
ers such as nitric acid and nitrogen 
tetroxide perform better in association 
with nitrogcii-ccntercd fuels such as 
hvdrazinc. 

A number of liquid combinations 
now under development show a great 
deal of promise as storeablc propellants 
for the near future. Of these, says 
\V'ilkes, tlic three most promising ap- 
pear to be inhibited red fuming nitric 
acid with UDMH. nitrogen tetroxide 
ssitli hydrazine, and mixed oxides of 
nitrogen with UDETA. 

W'tien the Air h'orce talks storcabil- 
itv, it is talking in terms of seats. .As 
far as performance goes, it will settle 
for storciiblcs witli capabilities com- 
parable to those of present liquid si's- 
toms. ilo«' far awav arc thci? Accord- 
ing to the .Air force, storeablc liquid 
propellants are "about ncck-an-ncck in 
tlic state-of-the-art with the large solid 
propellant rocket engines;” and the .Air 
force considers one program as tlie 
back-up for tlie otlici. 

Quest for Power 

Specific impulse is important, par- 
ticularlv for the long range missiles. 
Raising I„, from 250 to 265. for exam- 
ple, could increase the range of an 
ICBM almost 50% and that of an 
IRB.M 20%. 

But die principal interest in develop- 
ing higlier energy propellants doesn’t 
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stem from any desire, or need, for 
greater range. Missile men arc more 
interested in increasing specific impulse 
in order to reduce the amount of pro- 
pellant required by a missile and, hence, 
the size of tlie missile. InCTeased spe- 
cific impulse also means greater pay- 
load capabiliti- and increased velocity. 
In small air-to-air missiles, higher en- 
ergy propellants could mean smaller air- 
frames. less drag and increased velocity. 
For the large intercontinental ballistic 
missiles, particularly for second or third 
generation missiles, increased power 
will mean Ratter trajectories and faster 

.At present, specific impulse runs 
from about 240 to 265 for both solids 
and liquids. AA'ithiii the rc-alization of 
current technology, the top specific im- 
pulse attainable is about 59i from a 
combination of liquid ozone and liquid 
hydrogen. Liquid ozone. Iiowcvcr, is 
uii|)redictablc and hard to liandlc; and 
the system itself is a good distance away 
from any operational capability. 

Much closet to realization is a liquid 
fluorine-hydrazine sy.steni (with tlic 
possibility of substituting UDMII. 
UDE'I A or ammonia for the hydra- 
zine). riiis system will gisc a specific 
impulse of approximately 316. Botli 
Rocketdync and Bell liaie been firing 
small, c.xpcrimcntal engines with tliese 
mixtures and claim that thc\’ arc teadi' 
to scale up as soon as tlie military will 
giie them the go-ahead and the monei’, 
T’lic .Air Force, while interested in the 
project, disagrees. 'Hie corrosive nature 
of fluorine and its combustion products 
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from TOMKINS-JOHNSON 



HIGH PRESSURE 
HYDRAULIC CYLINDER 


1000 

• 2000 P.S.I. Operoting Pressure 
3000 


Truly another engineering first from Tomkins- 
Johnson. the new T-J Spacemaker High Pressure 
Hydraulic Cylinder will provide quality power per- 
formance at high operating pressures. ONLY T-J 
OFFERS YOU A HYDRAULIC CYLINDER WITH 
ALL THESE EXTRAS— 5T/1ND/4RD, AT NO EX- 
TRA COST. Write to The Tomkins-Johnson Com- 
pany, 617 N. Mechanic Street, Jackson, Michigan, for 
further details and Bulletin No. HSM-5-58. 



creates problems in regard to materials 
of constrtiction for combustion chain- 
bct and pumps and in rce.ird to lubrica- 
tion of nioring parts in flit pumps that 
the companies still haven't solved to 
the satisfaction of the .^ir l''orce. I lie 
fluorine rocket, one propellant man 
tleclares. is at least tiic r ears awin. 

In combination with liquid hydro- 
gen, liquid fluorine will produce a spe- 
cific impulse of 174. Tliis bting.s ii|3 
two interesting qualifications of llie 
quest for high energy propellants. The 
first is that the biggest energy pav-off 
will come from research in oxidizers 
and nnt in fuels. Scaind, specific im- 
pulse by it.sclf is a much less significant 
factor than specific impulse times 

Impulse Comparison 

Compared on this basis of .specific 
iiiipul.se times density, tlie hydrogen- 
fluorine combination checks out at ap- 
proximately 2iO gram seconds per cubic 
centimeter wliile the hydrazine-fluorine 
propellant measures oser 400. The 
combination of bromine peiitafiuoride 
and ammonia checks out eren higher 
on a dcnsifi-inipulse basis (about 440), 
but handling and other problems asso- 
ciated witli the use of the bromine 
oxidizer have pretty ssell dimmed the 
outlook for this particular combination. 

In regard to the dci clopmcnt of high 
energy solid propellants. Ben \\'ilkc.s 
says, attempts need to be made to 
synthesize compounds with double or 
eien triple bonds and to make com- 
pounds uith bnrun and aluniimim as 
an integral pirt of the malccnlc. Coin- 
pminds such as these, he says, .show 
(calculated) specific impulses up to 
400. 

Tliis work. Iiosscscr, is still in 
tlic "interesting po.ssibilits" stage only. 

Closer to realization— but still esfi- 
mated to be approxiinately fise years 
assay from ojietational capability— arc 
the solid boranc rocket fuels under dc- 
sclopmeiit at Oliii Matliicson and 
Gallery Chemical. .-\t present although 
these companies expect to dcselop ad- 
sanced oxidizers to go witli tlic iicsv 
solid borane fuel, tlicv are still chained 
to consentiona! oxidizers .sncli as ani- 
inoniuin pcrchlor.itc for tlie pre.sciit 
and. as a result, are probably not able 
to attain specific impulses abose 400, 

,\ctnall\-, most of tlie current research 
work on high energs' solid propellants 
is concentrated on the adiicscmcnt of 
smaller but more immediate energy 
gains by such means as tlic addition 
of powdered metals like aliniiimuii, 
boron and magnesium to presently 
asailablc solid propellant mixes. When 
i im start talking about specific impulses 
abo\e 400, one mis.si!c man declares, 
icm’re talking about space propellants: 
tliero is really little need for them here 
on earth. ■ 
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HOW THE 0O[L30©[i]l3Q helped 


CHAHGE THE TUNE OF A MACH 5 WHISTLE 


Ram a wind tliirly-six Iiundrcd mile‘6 an hour down 
a wind tunnel 20 iitehes square. Prohleiiis in testing 
niorlcla of supersonic rockets and missiles in such a 
tunnel gave new dimensions to operational lecii- 
niqiics, 

Developed by engineers of the Jot Propulsion 
Laboratory at California Insliliitc of Tecimology, 
this advanced wind tunnel presented many unique 
problems. In order to control the air going into the 
test section, movolilc plates were used to vary tlic 
area of the opening. The plates, moving against one 
another, had to be sealed. The abrasion created by 
ibis movement destroyed ordinary sealing materials. 
That is, until Union Carbide Silicone Riiblicr was 
used. Fabricated by Reeves Rubber, Inc., of San Cle- 
moiile, California, in solid strips ... in lioUow tubing 



tliat is pressurized for an extra tight fit . . . this sili- 
cone ruhijer performed exceptional service under 
almost “inipossihle'' conditions. In fact, tests indi- 
cate that uiainlenancc will only be required once 
every two or tlirce years! 

This is another example of how the Union Car- 
bide Silicones Man has helped solve an "inipossihle ’ 
problem. -A booklet — “Look to Union Carbide for 
Silicones” describes silicone rubber and many other 
silicone products. Write Dept. FA-9704 today. Sili- 
cones Division. Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. 




A Down-To-E3arth Look At 
Today’s Missile Picture 


NOW that operational missiles are becoming a reality and production 
in quantity a fact, it has been necessary to look at the tremendous 
storage, transportation, and ground handling problems from a practical, 
doUar-conscious, down-to-earth point of view. 

Each day more assignments for the development and manufacture 
of practical, economical handling units are being brought to Fruehauf, 
long known for its expert experience and education in commercial 
transportation areas. And Fruehauf has successfully responded in filling 
the need for the design and manufacture — at lowest possible cost— of 
dependable, versatile, multi-purpose ground handling units in quantity 
— on practically a commercial level. This is the business like approach 
to the missiles picture, but it must be made, and no one is better 
equipped and staffed than Fruehauf to do so. 

Not only in relation to missiles but for many military ground-handling 
needs, Fruehauf research, engineering, and manufacturing knowledge 
is being utilized profitably by tbe services and other contractors. Here 
are a few of the widely varied projects with which Fruehauf has been 
associated in a development or manufacturing capacity: 


• Ground handling equipment 

for 17 missile types 

• Missile launchers 

• Guidance shelters for missiles 

• Shelters for electronic and 

radar equipment 

• Specialized tank-trailers (or fuels 

• Power haul vans 


• Vans for testing equipment 

• Standardized refrigerator vans and 

other mobile materials containers 

• Formal detail specification 

drawings in quantity 

• Rough terrain trailers 

• A total of over 400 different 

types of military vehicles 


You can put 
confidence in 
Fruehauf s long 
experience and 
extensive facilities in 
meeting any ground 
handling problem 
concerning missiles, 
guidance shelters, 
weapons systems, or 
materials supply. 
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FORGING 


THIOKOL 


At the Ordnance Missile Commond, Hunts- 
ville, Alabama, Thlokol's Redstone Division 
pioneered the first successful, lorge, solid 
propellant rocket engines. Breaking the 
size barrier made possible such engines as 
today's Sergeant, and future solid pro- 
pulsion systems for missiles in the IR6M and 
iCBM class. 

Thiokol scientists at Redstone continue to 
lead in the development and application of 
the most advanced concepts in solid pro- 
pellant rocketry. 

Engineers, scientists— perhaps there's a 
place for you in Thiokol's expanding or- 
ganization. Our new projects present chal- 
lenging problems and the chance for greoter 
responsibility. 


CHEMICAL CORPORATION 

MASSHALl, TEXAS ■ MOSS POINT, MISS S8IGHAM CITY, UTAH 
: OEKVILIE, N. J. • BRISTOl, PA, 

"Registered trademarli of tfie Tliidiol Clieniical Corporation for its liquid polymers, rocket propellants, plasticizers and other chemical products. 
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NUCLEAR rocket engine ftill bridge tbe gap between com’cntional propulsion systems and the mote sophisb'eated systems of the future. 


Advanced Propulsion Research Speeded 


The nuclear rocket engine now under development at North American 
Aviation’s Rockctdvnc Division is a significant first step into space propul- 
sion, serving to bridge the gap between present and future. Its development 
is wdl within current technical capabilities; and, at the same time, it will 
be the first rocket engine to produce power not based on the cons’cutioual 
chemical oxidation reaction. 


Although no details of the first mi- 
dear rocket powcrplant have been ic- 
te.iscd. it is generally assumed that it 
will use a heat exclraiigcr to transfer 
the heat from uranium fissioning to a 
working fluid such as lithium hvdtidc 
or liigh pressure hydrogen, which would 
then be exhausted at extremely liigli 
r clocitics out of a emuergent-divergent 
no/de. Direct exhaustion of fission 
|jtoducts witlioiit going tliroiigli tlie 
l;eat exchanger-working fluid step ap- 
]3cars highly iinlikclv at tliis time be- 
cause of the random nature of the par- 
ticle selocitics. 

Kstimated s)iccific impulses for a fis- 
sion rocket range frcini 2?0 to 2.500. 
In the first operational fission rockets, 
specific impnlsc.s ate not expected to 
run much higluT ftiau tlinsc attainable 
with high energs' chemical fuels. The 
technological problems involscd in the 
dcsdopnienf of such a rocket arc for- 
midable and it is considered liighls- un- 
likely that tlio first midc-.ir-ptopcllcd- 
M'hidc will be fl\ing much before five 

Visualizing liow a nuclear rocket 
might look, R. W. Bussatd and R. D. 
DeLauer (in their book, "Nuclear 
Rocket Propnlsinn." soon to be pub- 
lished by McGraw-Hill Publishing Co.) 
see a \eliide closely akin to a consen- 
tional chemical rocket except for the 
engine section. Tlic dead load carried 
by tlic vdiicle. they say, mav be located 
at tlic nose of the rocket, just fonvatd 


of tlie propellant tanks to acliiexc max- 
imum use of the propellant for radia- 
tion shielding of the reactor and to ob- 
tain maximum geometrical separation 
of the dead load and reactor. Propel- 
lant would be pumped from tank to 
leactor by tutbinc-dri\cn centrifugal 
pumps as in large Ikinid chemical 
rockets- 

High Weight Penalty 

majot drawback to the nuclear 
rocket is its high weight, according tii 
Bussard and DeLauer. To have high 
specific impulse and a high tlmi.st-to- 
sveiglit ratio, it appcat.s neces.siirv to re- 
duce sxxtcm specific weight bv a factor 
of 100; and the possibilities for achiev- 
ing this, they believe, are slight, k' liat 
is really needed, they sav. is a concep- 
tnallv new. liglitweiglit method of pro- 
ducing shaft power or electrical power 
from fission. 

Carrxing this idea of bvpassiiig he-.nv 
heat machinery somewhat further, Ben 
W'ilkes, Aeronautical Research Admin- 
istrator, Ilcadquattcrs. US.Al'. suggests 
that the nuclear cnergv can be used to 
generate other fonn.s of energ) such as 
ions and free radicals or to generate 
electricity directly for accelerating ions 
and free radicals without com erting the 
nuclear cnergv to heat first- 

Morc efficient conversion of fission 
energy to propulsion is not the only 
drawback to the fission rocket. To 
some scientists, a more important fac- 


tor is the possibilitx- that the fission 
rocket will be obsolete before it is C'cn 
operational (AW May 19. p. 50). 

How long will we be satisfied, asks 
Raino-M'ooldridge's Milton U. Clauser. 
with the development of a fi.'.sioii rocket 
tliat will enable us to circle Mats when 
we will need a fusion rocket to land 
on the planet and return? Dr. Clauser 
believes tliat tlie answer is "not for 
Tong" and that the fusion rocket engine 
is definitely the powerplant of the fu- 

If the basic problem of controlling 
tlie fusion reaction can be solved, lie 
adds, tlierc seems to he no fnttlicr 
fundamental obstacle that would jJre- 
clude its use for propulsion- In fact, 
rocket propulsion might be tlie appro- 
priate first application for the fusion 

The prospects of developing fusion 
rocket power witliin the next 10 vears 
appear verv' bright to a number of sci- 
entists. And since this time span is 
so close to the development period of 
the fission rocket, they see little poii.t 
in spending the large amounts of money 
and time required to perfect the' latter. 
Other cquallv cniincnt researchers dis- 
agree and declare that the problem of 
controlling tlic fusion reaction is ex- 
tremely difficult and even, petliaps. im- 
possible. 

Likclv nuclear fuel choice for the 
fusion engine is deuterium-tritium, be- 
caiise the reaction betwee-n these two 
materials will sustain itself at a cimipara- 
lively low temperature. Heating these 
particles to extrcmclv liigli tempera- 
tuics (bv some practical method vet 
to be developed) permits their orbital 
electrons to escape and greatly acceler- 
ates tlic random motion of the resultant 
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Aircraft Bearings by Fafnir 

Products that reflect close collaboration 
with the aircraft industry 
for nearly 30 years 



278 




• PROPULSION 



Exotic Fuels for Propulsion 


iom witli tlic result tliat tlie fuel is 
converted into ;i high speed plasma. 
The acecicrated ions, irprm colliding, 
fuse. In the fusion, some mass is con- 
certed into energy. Becavise of the liigh 
lemperatiire.s and pressures incolvcd 
it is necessary to contain the reaction 
within magnetic line.s of force since 
there arc no known materials that 
could witlistand tlic conditions. 

Ilieotetieally, fusion «ill produce 
specific inijMdses close to s million 
seconds but \trv low thrusts. To in- 
crease the thrust, and at the siinic time 
get rid of sonic of the reaction lieat. 
Or. Claustr suggests using a lithium 
coolant u'hicli svoiild first circulate 
around tlie engine and then u oulcl mix 
with the plasma. Tliis would raise the 
mass (and hence thrust) of the plasiiia. 
wtiicli uinild then be exhausted 
through a magnetic nozzle to produce 
thousands of lb. thrust and a specific 
impulse of ostr TOGO sec. 

Alternate Method 

.\iKitlier w-a\' to generate plasmas is 
\utli an electric arc. I'his has already 
been done by a number of groups in- 
cluding .\yco. General Islcetric and 
Ciannini. Tire work to date bas been 
on a small scale and designed primarily 
for tlie production of ven liigh tem- 
|)er.itiire.s in connecHon with nuitcrijils 
testing progr.ims. .Mthoiigli sucli plasmas 
theoretically can be used for prniJiilsion. 
tliey arc presently impractical Isecaiise 
of the large amounts of electricity re- 
quired. Genera! Flcctric lias filed for 
patents on this inctliod of propulsion, 
one General Flectrie scientist .sal's; engi- 

of getting an electrical generating .sta- 
tion large enough to supply a citv the 
size Ilf Pliiladclpliia into a space vehicle. 


Tlie best choice for a future .space 
propulsion system nou' definitely seems 
to be one ir.ised on nuclear energy— 
ideall}' fusion; more practically fission. 
Blit there are a number of otiicr ap- 
])ro-acbes. ,^nd, as one .^RDC jiroix-llant 
man puts it, we don't dare nierlook anv 
bet in this game where tlie outlook 
clianges alino.st daily, particularly uhcii 
lesearcli— even bs' tlie best litaiiis in the 
Inisine.ss-is .so comparatiiely inexnen- 

Ilere is a brief rundown on some of 
the other non-chemical, high .specific 
impulse propulsion systems lum getting 
some attention: 

• Inn propulsion. I liis system is liased 
upon tile acceleration of ions which arc 
then discharged to provide thrust. 'I1ie 
ions can be olstaincd quite easiU b\- 
iiiipinging one of the alkali metals— 
lithium, sodium, potassium, rubidiiini 
or eesiuin— on an incandescent tungsten 
or platiiiimi surface. Currcntls cesium 
seems to liase the edge on the others 
because of its high density . 

Computed to fission and fusion, ion 
[iropiilsion i.s considered an easier 
sssfem to control. But again, exticiiiciv 
higli clcctridts deniuiiel is a dr.iwb.ick. 
.ficcotding to one estimate. 20.000 kw 
are needed to produce an electromag- 
' c field strong eiioiigli to accelerate 


i fast e 


, tile 


I Ih. 
s Ben 


energy requires -f to 10 lb. of weight 
of micicar |>oyyerplant. 'nuis an ion 
IJtopiilsioii system would weigh any- 
yvlietc frnni 80,000 to i00,000 lb. for 
each lb. of tlirust desired. 

• Free radical |iropulsion, I'ree radicals 
are. in one sense, simply liigh energy 
storage batteries. They are molecular 


No Room 
For Ordinary 

From a liny tubing component in a “jack 
for an cyc-sockei" that performs an optic 
surgical miracle ... to the capillary structure 
of a “sp.ice” explorer . . . from giant polar 
airliners to atomic electro power plants: 
TMI stainless steel tubing knoyvs hoiv to 
deliver the faultless performance such appli- 
dr^^O cations require. When there 
is a real need for "better 
than ordinary*' tubing 
. . . experience has proven 
the importance of the 
TMI trademark of quality. 

Size docs not govern the challenge of any 
job at Tube Methods Inc.! The skill required 
does! Thai's yvhy so many meialyvorking 
pioneers depend ori TMI . . . and recom- 
mend TMI! 

■ Stainless Sleel and Special 
Alloy Tubing .OSO" to ,6S5'' 0,D. 
with Tolerances as Class as ,001'' 
when Pequtred. Larger sises 
accepted on strict custom basis. 


TUBE METHODS INC. 


AVIATION WEEK, June 16, 1958 




REAPERS SERVICE 


279 




• PROPULSION 


: i^JPRIIMRS 

l_M a 

Special pumps for special 
materials and unusual 
problems I 

One of the problems faced by moat 

peo|)le know just what to expect from 
their equipment. Designers find it dif- 
ficuit to keep in mind more than a 
general idea of the ultimate capabili- 



dcsism and manufacture of spcci 
pumps, we have solved numero 
pumping problems where the desii 
and production of a suitable pump w 

because of the material to be pumped, 
or because of the precise manufacture 




1 obtaii 


ample, in the synthetic fibre industry 
for pumping rayon, acetate, celanc! 
nylon and other fibres spun in synthel 
fibre plants throughout the world- 
Spetial pumps have been designed ai 
manufactured for applications . 
varied as metering pumps in vending 
machines and conveying molten solder 
in production equipment. This long 
and varied experience in industry-wide 
pumping applications, combined with 
yeai-8 of specialised development and i 
production of pumps for the aircraft , 
engine, super-charger, missile, heli- I 
copter and electronic field is available i 
to today’s designer face<l with new and | 
unusual pumping applications and . 
problems. | 

It you half a pumping prolilfm — 
no matter how difficult or unusual — I 
we invite you to send it along for our I 
analysis. We’ll be glad to tell you ' 
whether we think we can be of help. 

W. H. NICHOLS CO. 

48 Woerd Ave., Waltham 54, Moss. 


iiagiiiciiti, formed «hen enough energy 
is put into a molecule to mptutc one 
of its bonds, ‘nius, thev possess the 
iicigiiul lutemal energy of llic mokcnle 
plus the energy required (o break the 

Tlie rupture energy is released when 
the radicals recombine into the original 
molecule. 

Ilic problems iu\olsccl in generating 
Ihese radicals in useful quantities, cap- 
luring and storing thenn (under ordinary 
conditions. thc\- recombine almost im- 
mediately) ate still not completely 
worked out and. according to some 
scientists, may neser lie. There is a 
gre-at deal of interest and work in tliis 
field going on Ijotli in Russia and in tlic 
United States. But except for a mona- 
tomic ramjet now under dcsclopmcnt 
(this is designed to operate on the 
frex' radicals prosidtd by nature in the 
upper atmosphere j.AW .Apr. 7, p. 6s] ) 
nothing concrete lias conic of it. 

• Mctastahle propulsion. Somewhat 
akin to free radicals, mctastables arc 
electricalli- neutral or charged nuilecules 
or molecular fragments in an excited 
state (i.e.. where the orbital electrons 
haic moved to a higher energy levcl). 
In one experiment, .Aerojet-General sub- 
jected hidrazoic acid (5IN',1 to an elec- 
trical discharge and then condensed it 
at 77K. llic acid became activated. 
AV'hen heated, the activated acid gave 
up it-s acquired cnergs and returned 
to normal. 

One |)innecr in tliis field, Dr. Fritz 
Zwickw, says it is possible to achieve 
specific impulses iiitli mctastables three 
times tliose currenth' obtainable. In 
connection with this, he also suggests 
that propellant researchers should s|send 
more time considering the cold reactors 
imohed in nuclear fission, as opjioscd 
to the hot re-actors, uliich arc the cur- 
rent focus of attention. 

Unlike the hot reacton, the cold 
reactors do not produce heat directly. 
Instead, tliei generate radie.ils and ex- 
cited states in lerv cold gase^ nr liquids 
being pumped through them. .As the 
fluid witli tlic frozen radicals and ineta- 
stahle states comes from the cold re- 
actor, it makes a scry jjonerfn] |)to- 
pcllant. 

Tile problems of producing, stabil- 
izing and using mctastahle compounds 
are much tire same as those imolscd 
in ii.sing free radieals-cxccpf they arc 
nmeli lugger. 

• Solar propulsion- .-As |>n)posed. this 
svstem comes in sarions sizes and 
shapes- Basically, it insolscs a device 
that «'Ould collect radiation from the 
sun ln’ means of an optical system and 
coinert this to themial energs. Tlic 
device might be a heat exchanger lo- 
cated at the focal point of a large 
mirror or “solar sail" fabricated, per- 
haps. of extremely thin aluminum foil. 


A working fluid such as hydrogen 
would be pnnipexl through the ex- 
changer, pick up licat, and then be ex- 
hausted througli an expansion nozzle 
to produce tlirust, Tiirust output would 
be low-vers low on a weight basis. 
Heating 1 lb./ sec. of bvdrogcn to 3.600 
R. accurdine to one study, would re- 
quire 16,000 sq. ft. of projected area. 
At present solar energy doesn't appe-.ir 
ser\ promising for propulsion, .At the 
same time, liawesct. it has already 
definitely cstablislied its value as a 
sccondarv power source for operating 
electronic equipment and the like. 

• Photon propulsion. Basis for this 
systeni, as cin isioncd in some proposals, 
arc the quanta of light or electromag- 
netic energy that would l)c ejected by 
some radiating source to produce tlinisU 
Tile interest in tliis svstcin stems, of 
course, from the fact that distances in- 
\()]\cd in intciplanetarv ttarel arc so 
treinendous that they are measured in 
liglit years. So in order to do mucli ex- 
plciring. it will be almost necessary to 
travel at the speed of light, and tire 
only thing that move's (or can be u.scd 
to move) at tliis speed is liglit itself or 
electiomagnetic radiations. 

The trouble is that the radiation 
surface and power required to eject 
the neecssaiv amount of pliotons is near 
fantastic. One estimate savs tliat a sur- 
face 100 X 370 ft- will be needed just to 
balance a one ton rocket against the 
gravitational pull of the earth. Another 
envisions a surface thousands of feet in 
diameter and operating at billions of 
watts. In a somewhat different form, it 
has been calculated that 10 million 
kilowatt hours would be required to 
produce a photon thrust of one pound 
for 7i hours-provided that 100% effi- 
cient conversion could lie achieved. 
And at the present state of develop- 
ment. conversion efficiency prnhahlv 
wouldn’t run above 3%. 

The Outlook 

With the possible exception of nu- 
clear rockets, most of these advanced 
propulsion schemes appear desirable 
onlv for sen ice in fliglit beyond tlic 
eartlTs sensible atniosplicre. It is here 
that their disadvantages of high weight 
and low thrust vcill be miniinaT and that 
tlieir higli specific impulse and low 
fuel coiisnmplion will he. in any event, 
tlie ov erriding (and vital) considerations. 

Cliemical rockets will probalily be 
u.scd as boosters to get space leliicles 
off the earth. They may eien be used 
as sustaiiier engines for compar.itively 
short space flights, sav. earth to moon 
and back. But for extended inter- 
phmetarv travel or exploration, some 
new means of jiropulsion will lie needed. 
In all likelihood, it (or they) will Ijc 
base'd on one or mote of the schemes 
disnrsscd here. ■ 
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NEW SHOCK-FORTIFIED NYLON 



CUTS YOUR COST-PER-LANDING 


Firesfone S/F Nylon Sky Champion lakes more touchdowns, 
more retreads, for lower cost-per-landing. 

The more landings-per-day your airplanes make, the more it paysyou touse the Firestone 
Sky Champion. Enormously strong, this amazing tire takes Its deep-set durability from 
Firestone's exclusive S/F (Shock-Fortified) nylon cord. Every precision ply of this high- 
tensile. low-stretch cord combines to resist the shock and speed of runway roll as no 
other tire body can. The Sky Champion gives longer tread wear, longer body life, takes 
retread after retread to reduce your lira costs to a new low per landing. 

Remember off these 6 new features: 

• New Firestone Hubber-X tread for longer wear • Skid resisters for added traction, 
less skid burn • Sized tor increased clearance In wheel nacelles • Exclusive S/F (Shock- 
Fortified) nylon cord construction. 


For prices and data, write Aircraft Tire Sales Department, Firestone. Akron 17, Ohio. 
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ran na/v^/vwrntzM^L m/*/\/snonr 



Wonogemenf in all types of eommercio/ flight must give slida-rule thaughi to operplional 
costs. The outstanding economy record of ffie A/oueffe*, world's first producfion furbtne* 
powered fie/icopfer, i$ less than one hour mointenance for each hour of flight . . . 
pre-flight, preyentire and eorreetiye time. >- >- This poffern emphasises the Aioueffe's 
operorionof economy compored wiffi up to five hours mointenance for eocfi hour of 
flight for competitive, commerciol/y operated helicopters. By no means incidentof is 
the sizable saying in the unusually low fuel costs. >- >- Repubfic Aviolion Corporolion 
yrith more than a quarter<entury of odvonced concept in aircraft manufacturing, 
assembles, tests and assures in the new Alouette . . . "Tomorrow's design . . , todoyl" 


# Instant take-off . . . 
9 Simplified controls 


# Low maintenance time to flight lime 
• Top performonee in extreme hot or cold weother 


CONTACT Hfireoprsf! DIVISION fOR lITtRATyRE AND DCMONSTRATION - lAltLY OfllVERr. 


g*tzM.taarrKa arwvatnmr 
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SOVIET spacemen focus sun's roys to weld space station section in scene from popular science film. 

Foreign 


AVIATION WEEK. June 16. 1958 


233 




>tvco's space mem From an ICBM Into the un/verse. Working with 13,000-mph speeds and 
with terrific heats exceeding those of the sun, Avco scientists have made a major contribution to 
space-age progress. They have developed a nose cone for the Air Force Titan ICBM designed to with- 
stand scorching friction as the Titan re-enters the earth's atmosphere. Research such as this brings us 
closer to an age of exciting possibilities ... the age of manned space flight. 
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Soviet Lead in Space Due to Foresight 


Soviet Russia, stil] pacing man’s exploration of space eight months after 
the launching of Sputnik 1, is operating svith a tienicndoiis time adspittagc 
gained by foresight and careful preparation. 

Neither the total effect on the pres 


r tlic ultimate outcome of Russia’s 
lead will be clear until long nfter man 
Iiimscif has followed his iiutomatic 
sensors into space. Both have been 
overestimated, rc-asscssed and under- 
estimated many times since Oct. -t. 

\N'hat i.s clear is the hroad educa- 
tional. scicntiBc and technical base un- 
derlying the Soviet astronautics program 
and the national priority supporting its 
carcfulK-oiganiacd execution. 

Tins ptograin calls for approximately 
the same steps in about the same order 
as the programs proposed in the U.S. 
Judging bv recent Russian statements, 
these developments might be expected 


n tlie r 


ir f'utu 


• An attempt to create living matter 
inside a Sputnik, using inorganic mat- 
ter and cosmic radiation. Satellite 
would contain a mixture of ammonia, 
methane, steam and carbonic acid to 
reproduce what scientists belici’e mat- 
have been tiic composition of the 
cattli’s atmosphere at the beginning 
of life. One Communist source said this 


experiment would be attempted in 
Sputnik III, but Soviet announcements 
since Sputnik Ill’s launching have not 
confirmed this- 

■ Launching of another animal satel- 
lite. A small dog named Alpha is now 
being given special training, according 
to Ada Kotovskaya, Soviet woman 
physicist. Mmc. Kotovskaya was quoted 
as saying before Sputnik III went 
up that Alpha would be aboard the 
"next Sputnik." Soviets have not said 
that Sputnik III carries any living pas- 
sengers. 

• Recovery of animal passengers. Mmc. 
Kotovskava said that new Sputniks, 
capable of bringing back their animal 
passengers, arc being prepared now. 
Yu. A. Pobedonostsev, member of the 
Interdepartmental Commission on In- 
terplanetary Communications (travel), 
was quoted— again, before Sputnik III 
was launched— as saying that "experi- 
mental animals will be recovered from 
the next artificial satellites. Tlie pbice 
of landing will be precalculated. The 


satellite will be observed and flic pre- 
cise landing spot will be determined." 

A possible explanation of the six- 
month lag between the launching of 
Sputniks II and III and the report.s of 
trouble in launching attempts miglit be 
that animal-bearing satellite launches 
failed in the interim, and that Sputnik 
III finally was substituted as the next 
vehicle. A mote probable explanation is 
that launching veliicles were diverted 
ior tlie atomic and tlicrnionuclcar war- 
head tests carried out between satellite 

Recovers', however, apparently still 
has not been solved in the Soviet IJiiioii. 
Academician Leonid Sedov, Chainnaii 
of the Intcqilanetarv Commission, 
pointed out that Sputnik III "could 
e-.isily carry a man with a stock of 
food and supplementary equipment.” 
But. he said, "such an experiment 
would have been premature. Before it 
is attempted, more knowledge must he 
gained about the conditions of man's 
existence in cosmic space, and the basic 
problem of the return to earth must he 

• Launching of a Coniiiumist Chinese 
s;itellite. Kih) Mo-Jo. president of the 


AVIATION WEEK. Juris 16, 1958 


• FOREIGN 

Chinese Academy of Sciences, said 
after Sputnik III was lauiiclicd tliat 
"Chinese scientists arc determined to 
get China's artificial earth Satellite into 
the sky at an earlv date." 

It is not possible from his statement 
to dctemiine what is meant by an 
early date. "In order for this to ma- 
terialize,” he said, “we ha\’e to expend 
scry great efforts. However, there will 
be a das- when the artificial earth satel- 
lite of China will go into the skv. The 
earlier that day comes, the better.” 

While Russia will continue to ex- 
ploit cscry facet of adraiitagc that its 
|)ionccring has given it. Rii.ssian scien- 
tists theinsch es base discarded most of 


ENVIRONMENTALLY QUALIFIED 

Requiring NO HEATERS, and incorporat- 
ing constant damping, these precision 
gyros excel under MIL-E-5272A Environ- 
mental Specifications. Write for test data. 

Detroit Controls advanced designs con- 
tinue to meet the ever-increasing de- 
mands for precision and greater durability 
in inertial components and systems. 


Ihe anti-Western criticism that marked 
their writings on astronautics a few 
'Cats ago. Ihev now call for intcr- 
iiational cooperation of scientists, and 
suggest that the science of astronautics 
might provide a bridge across the gap 
of human misunderstanding. 

Neither the elevation of the scientist 
and technician in Sosiet affairs nor the 
great degree of effort desoted to the 
So' ict spiice program is surprising. 

Rear Aclin. John T. Hayward, As- 
si.stant Chief of Nasal Clperations for 
tcscarch and dcsclopment, has pointed 
out that hOCf of the members of the 
National Presidium arc graduate engi- 



Thc USSR .Academy of Sciences, a 
select group of 1 50 to 200 members 
ssith another 300-550 corresponding 
memhers, has an important if often 
indirect s oice in the conduct of Soviet 
technological programs. 

Strong Foundation 

It is supported hy a strong founda- 
tion of some 60 institutes, with about 
50,000 emploves: a number of research 
stations, laboratories, museums and 
observatories spread throughout the 
Soviet Union and increased consider- 
ably during the International Cen- 
phvsica! Year; and a broadening 
scientific base in other Iron Curtain 
Countries. Red China, for example, 
has established 1 ,000 meteorological sta- 
tions. 20 seismological stations and 12 
.satellite-tracking observatories, most of 
them in the past few years- 

.As Gen. James II. Doolittle, chair- 
man of the National Advisory Com- 
mittee for .Aeronautics, pointed out in 
testimonv before the Senate Prepared- 
ness Investigating Committee recently, 
Russia enjovs its lead in long-raiiK 
missiles and astronautics because "sfie 
started sooner . . . she is working 
harder ... she is saaiEcing more . . . 
she has a definite, clear-cut objective. 

"Their excellent educational system 
and their appreciation of the value of 
science are largelv responsible for their 
rate of technological progress,” Doo- 
little said, “and for the fact that in 
some areas they arc ahead of us. . . . 
The real threat is their rate of progress. 
(It) is much more rapid than our 

In all branches of space technology. 
Russian efforts seem to he moving in 
much the same directions as in the 
U. S.— but perhaps faster. Open litera- 
ture discusses all the sf-.mdard prob- 
lems. including human factors. 

Eleven years ago Russia founded a 




MIUITARV PRODUCTS DEPARTMENT 

I Ame RICAN -(Standard 


100 Morse Street. Norwood, Massachusetts 



AVIATION WEEK, iune li. 1958 


• FOREIGN 


Department of .Astrobotanv . She liav 
))ut great emphasis on Iroost-glidc air- 
aaft. possiblv powered by an atomic 
engine with liquid hydrogen fuel. I his 
engine is Ivciicvcd to be in develop 
nient now. She has done cousiderahle 
ix-seatcli on oxvgen regcnenition for 
use in manned satellites and suhnia 
rines. appears to liavc advanced ramjet 
technology faster than ours, ,ind has 
extensivdv explored Ivigli teni|)cratiire 
metals, free radicals, boron fuels and 
metal slurries. She ha.s been develop- 
ing atomic engines for use first in 
drones and missiles, where shielding 
|jrol)lems ate greatlv reduced, and ajs- 
jxairs to liave developed an astronavig-a- 
tion device that determines the dis- 
tance of a space ship from the sun hy 
means of temperature measurement. 

Use for detection, guidance and com- 
mnnieation of the powerful, short-lived 
electromagnetic impulses generated by 
explosions— a phenomenon now being 
investigated intensively in this country 
(.AA\' Slav 12, p. 26) disappeared from 
llie unclassified Soviet literature in 
195-t, apparentlv to go "underground. ’’ 

Rand Cotp. economist Button Klein 
has pointed out that Russian progress 
is due in part to a belief in parallel in- 
vestigations in research, in contrast to 
U. S. attempts to avoid diiplicatiini at 

‘Tar from decrying duplication, the 
Russians have organized it and given it 
the status of a principle in their re- 
search and development," Klein said. 

Ollier observers agree, but empha- 
size that Russia caretully avoids what 
can clearlv be determined to bo need- 
less duplication of effort, through bet- 
ter organization of its technical talent. 
The Soviets also avoid repetition of 
western investigations whenever it is 
feasible, partlv bv keeping abreast of 
western developments through a vast 
Inmslating and disseminating organiza- 
tion under the .Academy’s direction. 

Russia apparently used "organized 
vluplication" as its approach to ballistic 
missiles. Starting largely from German 
achievements. Russia pushed ahead on 
a varietv of mediimi and long range 
missiles, even when weight of atomic 
warheads seemed almost prohihitivc. 
'Ihc powerful engines developed origi- 
nally because thev seemed militarilv 
necessary arc paying off haiidsomelv 
both for missiles and for space vehicles. 

Students of Soviet capabilitv in the 
rocket and space field, such as I''. J. 
Krciger of the Rand Corp.. author of 
.A Casebook on Soviet .Astronautics 
(RAM 760 and RM-1922). credit early 
Russian rocket enthusiasts with making 
many original and fundamental enn- 
trihiitinns to the tcchnologv. 

As far back as 1929, di.sciplcs of the 
Soviet “father of astronautics" K. E, 
Tsiolkovskii, founded what Kreiger calls 
"a coinpeteut scientific organizjtion for 



If you are a skilled 
engineer searching 
for security and 
challenging work . . . 


. . . Rohr is looking for you. 

Bohr's large eommercia! backlog and 
wide diversification of long-range 
programs offers reward and permanency 
to a select group of experienced aircraft 
engineers. 
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imestigating and svstcniaticall\' devel- 
oping new lockct devices.” It was called 
GIRO frnin tlie Rvissian initials for 
"Group fur the Study of Reactive Mu- 

Some of its founders such as Pobod- 
(iiicstscv arc still active in astronautics 

Stalin, a fan of T’siolkovskii’s. took a 
personal interest in Soviet rocketrv. In 
eight years before the U. S. fiegaii 
,1 systematic rocket investigation pro- 
gram, the Soviets organised a govern- 
ment-sponsored rocket program. 

When World War II ended in l^ds, 
Russia '"liberated” not onlv a group of 
German rocket workers but rocket fac- 


tories and test stations and "a vast 
amount of dehiiled material from Ger- 
man industrial firms and scientific and 
technological institutes,” according to 
Kreigcr. 

Russia itself claims a rocket pre- 
eminence going back more than 100 
vt-ars, and dates its own chronology 
tram the establishincirt of the Moscow 
Institute in 1680. 

Russian authors such ns Col. X. N'. 
Denisov, L. K. Bayev and 1. A. Merku- 
lov cliarge that I''tcnch. German and 
U. S. roAet scientists "'have knowingly 
|wsscd over in silence our (Russian) 
superioritv in this field.” 

On flic otiicr hand, some Russian 
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scientists have freely admitted that 
Russia has borrowed heavily from the 
West. Academician Alexander N. Ncs- 
meyanov. president of the USSR .^cad• 
cmy of Sciences, said recently that when 
the Soviet Union has tseen behind the 
western world in apjjlied science in the 
past, it has had to stress engineering 
and technology, and depend on foreign 
achicveniciits in basic science. 

X'ovv the USSR has caught up in 
applied science, X’esnicyanov said, and 
!l must develop it.s own basic scientific 
rescarclt more rapidlv. 

-Mthough the intercontinental mis- 
siles and the Sputnik launchers arc pri- 
marilv examples of engineering rather 
than basic work, thev are good exani- 

,\nd although they have bceit 
achieved with what western engiitcers 
call a brute force approach, with little 
tnneern for niiniaturixation and opti- 
liii/atimi. some observers expect to sec 
on incrrj-asing amount of sophistication 

Sputnik III already shows a trend 
in this direction. In addition to being 
a true "space laboratory,” it includes 
solar batteries, devices for storing in- 
formation and transmitting it onlv over 
receiving stations, and elaborate tcni- 
pcralure regulating and programming 

Whefber it contains reconnaissance 
devices is not known. Rus.sia has not 
announced that it did. But Soviet scien- 
tists have never overlooked the impor- 
t-nice of reconnaissance as a useful func- 
tion of satellites. 

Some four years ago the Large Soviet 
h.ncvclapcdia included in a discussion 
of astron.iutics the likelihood of using 
satellites for "photographing of tcr- 
restial surfaces in map making,” and 
said autoniaticnllv controlled rockets 
svould be used for carrving photo- 
graphic. cincniatograpbic. and television 
equipment. 

Beyond the Sputniks 

Shtcrnfcld, a pioneer Russian 
■istronautics enthusiast and laureate of 
the International Ivnconmgemcnt Prize 
in Astronautics, has said that if Sputnik 
III "'were replaced by an ordinarv- one- 
stage rocket of the same weight, fitted 
with all the nccessarv scientific equip- 
ment and eai*ible of developing a speed 
of a hare 3,s kilonictei.s per second, it 
could make a flight to the moon. Mars 
or \’eims," 

\' hiic Russian moon and planctarv 
probes probably are not far avvav from 
launching, thev" could be proceeded or 
followed closely bv flight of the T-4:\ 
hypersonic bomber, a nuclear aircraft, 

niks, put into orbit bv the 800, Oof to 
1.000,000 lb. thrust engine reported 
to have been in development in Russia 
for some time now. ■ 
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Europe s Space Research Is 

By David A. Anderton 

Geneva— European research aimed at space travel is conspicuous by 
its absence. 

'Ilierc are now no dearly identifiable solid contributions being made to 
space technology other than paper studies and some cosmic thinking on the 


part of Kiiropc’s scientific coinnnmitv. 

This i.s not to under-rate the v.iliie of 
such conceptual e.xercises. but radier 
to underline the lack of hicilities and 
funds for carrying thuii tlinmgh. Tor 
ill the final analy sis, tlicre is a single 
reusem iinderlviiig the lack of tangible 
vpace-flight programs here: Monev. 

'lire minihet of hvpctvonic shock 
tubes, for example, can be counted on 
the fingers of one hand. There are two 
small rocket programs, with vetv limited 
iiumlK’rs of rounds, contributing to the 
riiteniatimnd Ceii|5li’ sic.il \'ear pro- 
gram. I'herc is a single re-entrv test 
vehicle. There is a single h.illisHc-mis- 
silc program, with its future promise of 
possible space-stiidv vcliicle's, just get- 
ting under wav. 

Lack of Money 

1 he reasons for this are plain. In all 
of Turope. only Britain. I'Tance and 
Gcrm.my are in a financial position to 
make anv sort of major contribution to 
weapons prugrains. Space flight here, 
,is ill the United States, is incxtric.iblv 
wound lip together with long-tiinge iniv- 
sflc ptograiivs. 

But Britain is abandoning supersonic 
aircraft Ixifnrc having fullv" understood 
them, and is hiipefulfy pinning its posi- 
tion on missiles which haven’t been 
designed vet but vvliicli ate cx|x;ctcd- 
as aiwavs with any now British weapon 
—to be far ahead by the time thev reach 

I''rnnce, on the edge of Ixinkruptiv 
beeanve of its extensive cominitnienis 
in Algeria, has e.incelled one aircraft 
program after the other and is now 
down to stiotclied-oiit production of 
two or three and weak financing of one 
or two prototvpes. Its missile effort is 
essentially nil.' 

German Missiles 

Germany, recently regaining some 
measure of autlioritv over its own re- 
armament bv being allowed to dev elop 
small missiles again, is still too fat fnim 
realization of any sophisticated weapons 
to make specific contributions. 

So none of these tlncc is able to 
divert any effort to space flight. Instead, 
nifnrnial studv groups, various institutes 
connected with universities, and indi- 
vidiuls have been working in their 
s|sirc time, trying to keep alive the 
tr.iditions of space Right. 

I'cir Europe docs liavc these tradi- 
tions; paradoxically, it was the cradle 


of space flight, horn a breezy niorniug 
ill October 1942, when the first suc- 
tcssful Cennan V-2 racket roared into 
the sky over Pecncniundc. .knd along 
before the young and enthusiastic engi- 
neering teams under the equallv vuiing 
and enthusiastic Wernher von Braun 
had seen their ideas grow to realities. 
I'.iiropean scientists, engineers and tecli- 
iiician.s were dreaming the dreams and 
publishing the monographs that were 
to inspire later generations of doers. 

But as with much of niodeiii lech- 
iiology. it took the im|)Ctiis of war with 
the amassing of test data on tlie \'-2 to 
give shape to the theories of Oherth, 
Tsiolkovskii and von Pirqiict. 

"I'hc first postwar years produced a 
new series of spacc-fliglit reports, hut 
these were different. 'I liev had solid 
iiiinihers. based on German experience 
with the \^-2 and other missiles, and 
they all reached essentially the s-nne 
single cnncliisinn; Space flight was now 
tlieorcticallv practicable. 

nio onlv e.itdi was that facilities 
^verc needed to translate thcorv" into 
practice. .\1I the rocket motor d;ita in 
the world did ahsohitely no goorl unless 
.tpplied to a specific project with the 
end point of producing a running 
])owcrplant. .\nd this wus where F.ii- 
ro|3e nev er had a cha'iee. The se.de of 
postw-.ir rocket develojmient was at a 
level far below the valleys in Peenc- 
niiindc's 12 years of cyclic life. 

Paper Studies 

While the frustrated space-flight 
eiitiuisiasts ill Europe w.itdicd, U. S. 
engineers plimged headlong into .in 
enormous giiidcd-missilc program, in- 
volving iiiillionv of dollars worth of 
f.icilities that would serve to aid the 
deveiopnient of the tools of vv.ir nr the 
ixploration of space. Knowing that their 
coiitrihiitioiis could not niateli develop- 
ments ill the U.S . Europeans turned 
hack to the paper studies and .sketched 
and calculated paths to the .stars. 

Perhaps the most notable Eiiro|xxin 
coiitrihntiiin to contemporan space 
flight was a paper on "Minimum Satel- 
lite Vehicles." presented by K. W. Gat- 
laiid. M. Kunescli -and E. Dixon 
of the British Interpkmelarv Socictv at 
the Second International Congress of 
Astronautics in London in IQsl. lire 
authors believed that nobody bad taken 
a careful look at the problems uf launch- 
ing the mininuim useful satellite; most 


on Paper 

previous authors seemed to be worry- 
ing piylrads iiE eyciisive 

I he Brilivh engineers allowed 10 
pounds for the fiii.il sarellite, vvliieh was 
to be an inflated foil sphere, blown up 
by a sin;ill gas capsule after sepir.ition 
in urliit. and acting as a radar reflector. 
-\ radio beacon and perhaps a single 
instrument could be iiithided in the 

Other Technical Features 

I here were other technical features 
of the British proposal that in retrospect 
were .idvanced for their day, and whicli 
have since been incorporated in both 
satellite and weapon rockets: 

■ Liglitvveigl'it integral propellant tanks, 
made of thin-vvallcd structure and in- 
ternallv pressurized to carrv the load. 
I his technique is now used in the .\tl.is 
,’ikI Tlior niissiles- 

• Elimination of the fins iisiiallv in- 
a)r|3oratcd to give Static and dvnaniic 
aemdvnamic stabilitv. This was a 
cli.iractcristie of the N'angiiard pro]3osids 
and test rounds; it had also been sug- 
gested by other engineers in missife 
irrograms. 

• Cimballcd motors and .small gas jets 
for control after burnout. Tliese arc 
also features of today’s weapons and 
satellite rockets. 

Blit aside from this feasibility study 
and others like it, there has been little 
else contributed to space flight tech- 
nologv bv British engineers and scicn- 

’Ilie Skylark, a solid-propellant rocket 
developed as part of Britain’s tnaiiv 
contributions to flic ICY, represents a 
project now capable of adding to the 
fund of knowledge aboiil the upper 
.itniosphcrc and the fringes of space. 
Skylarks fired from the long-range mis- 
sile test ground at Woomcra, .Vistralia, 
have reached altitudes approximating 
1(10 mi., well into space envirnnment.v, 
and have recorded and transmitted im- 
portant data. But with this |3rograin, as 
with other projects in the over-all tasks 
of the IGY. it must be realized rhat 
tlie |)rimary purpose is to learn more 
;dvoiit the c;irth and not about space 
flight- 

"I'hiis the contribution of Skylark to 
the Slim tot.il of man’s knowledge ahnnt 
spice must be considered as a sccondarv 
objective of its major job. 

But recently a strong call for a British 
satellite program ha.s come from Prof. 

C. B. Lovell, director of the fodrcll 
Bank radio astroiiomv station respon- 
sible for niiicli of the precise fracking 
information gained on the Russian 
Sputniks, Lovell said: ”I fee! that vve 
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Gentlemen: 



The Jet Engine Department of Gen- 
eral Electric Co. maintains several hotel 
rooms in Cincinnati on a permanent basis for 
Engineers who visit us, at our expense, to 
discuss their future with JED. 

Perhaps some time this year, you will 
be our guest? We are searching for Engineers 
with 2 or more years’ experience in 
Control Systems Design 
Control Component Design 
Accessories Design 
Mechanical Design 
Aero-Thermo Design • Analysis 
Test and Evaluation 
Instrumentation Design 

Phase check /our field of interest above, fill out 
the coupon below, and mail to; 

J. A, McGovern 
Jet Engine Dept. AW-69 
General Electric Co., Cincinnati 15, Ohio “ 
Upon receipt of the coupon, we wiU 
forward a brief form to return to us describ- 
ing your interests and experience. Following 
this, you may then be invited to "be our 
guest’’ in Cincinnati to talk to our Engineer- 
ing Managers and Supervisors so that we 
may become better acquainted. 

HERE IS WHAT WE OFFER: 

• Opportunity to work with top Engineers in a field 
in which you are most Interested. 

• Freedom to follow your own ideas: pleasant work- 
ing conditions: complete work facilities. 

• Attractive salary plus 39 added aids for better 
living, includrng Medical Plan. Stock Bonus Plan. 

• 100% tuition refund if you continue your studie% 


/ am interested in the possibility of an association with 
the Jet Engine Dept, of General Electric. 


City Zone State Phone___ 

n»fr»ae r-nllcpa _ _ Hafg.- 

Se sure to Include Your Field of Interest on Coupon. AW-69 

GENERAL® ELECTRIC 

JET ENGINE DEPARTMENT^^ CINCINNATI IS, OHIO 


arc likely Eu Ik in an c.ttrcnidy un- 
dignified pusitiun in 10 to 20 vears if 
«c liaie nn plate in tliii, satellite or 
spate fliglit program . . . Ate we going 
to hin t to bin space from America or 
l^ubsia in tlie future, and thus be classed 
as an under-dcs eloped country?" 

Small Development Cost 

Lovell also pointed out that the 
lockets de\ eloped as weapons could be 
adapted for satellite work, and esti- 
mated the cost of such adapted rounds 
as only a few million pounds. Ptesum- 
ahly Lovell «as referring to the British 
IRilM program, now starting under de 
llavilland Propellers as prime contrac- 

Not all of Lovell's professional col- 
leagues scemi to sham his siews. Bri- 
tain’s .Astronomer Royal, Prof. Wool- 
ley. has gone out of his way on several 
occasions to declare the Russian satel- 
lites a hoax and to express sarcastic 
comments about the scicntiSc saluc of 
such devices. e\cn if they neren’t 
hoaxes. But since the third Russian 
satellite, following on the heels of three 
successful American slioots. Prof. Wool- 
Icy liasn't been heard from. 

Now in Britain a group within the 
Britisli Interplanetary Society, readying 
to celebrate its 25th anniversun as an 
organization dcsotcd first and foremost 
to space flight, is working to excite 
some interest in a British space flight 
program. “W'hat wc hope to do," one 
of the group told .Aviation Week, "is 
to get pen|3lc interested and thinking 
.ibont the problems. That’s going to 
be the hardest job. 

Specific Contribution 

■'We also ate stiidving the entire 
field, looking for some area which has 
been ignored and where we can make 
a specific contiibution. It will probabb 
be a paper study again, because wc 
don't haie facilities or funds. But we 
Impc to he able to make a contribution 
— «c liasc some good people with good 
ideas, sou know." 

No facilities, no funds, but good 
people with good ideas: This is the 
status of Europe’s position in space 
technology today. ■ 


Ficlurt' Credits 

79, 81. 82, 97-N.AC.A: 83, 85, 93, 94. 
UiT-Mt. \\'ilson, Palomar Observatories; 
105, 131, 197, 199-U-S. Now; 107. 
187. 189. 199-US.AF; 137 (top). 175 
(topl-«'ide World; 137. 139, 141 (top), 
243-U.S. Ariiu; 133-Caltecln 175. 
2fi8-Unitcd Press: 179, lS3-Coriicll 
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ARPA May Direct Man-in-Space Project 


Los Angeks— Ad'iincetl Rcscarcli 

Projects Agencs' may take o\cr USAl'"s 
Man -in -Space -Soonest project, Rear 
.Adin. John Clark, deputy director of 
ARPA. told a news conference here 
during a semiannual meeting of tlie 
American Rocket Society. 

Clark also said it is possible to put a 
man in space in two to three years. 

However, Clark went on to say that 
as of this moment there docs not exist 
a definite man in space program pet se. 
but much of the work presently being 
done .such a.s early der-elopinent «ork 
on a million pound thrust rocket 
engine, dcrelopmcnt of communica- 
tions and power sunplv systems, are 
definiteh’ parts of the man in space- 
effort although not specifically oriented 
that way. 

His man in space effort risualizcd 
an orbit at 125-HO mi. in spherical, 
once or twice around, orbital \chicle, 
Clark indicated. 

Clark also said it is quite possible 
that earls test vehicles for the \\'S-117L 
Pied Piper reconnaissance satellite 
(AW Oct. H, p. 26) may be fired as 
early as October of this year. 

Concerning military-civilian space 
programs, Clark said that ARP.A cur- 
rently is developing a long term pro- 
gram. and that representatises of 
NACA, which will l)c the nucleus of a 
future civilian space agenq-. will work 
with ARPA in outlining these programs 


and added that .ARPA definitely is not 
about to start any programs which 
NASA would not want to continue. 

ARP.A has submitted to guided 
missile czar AA'illiam M. Holaday the 
number of missile boosters it would re- 
quire for scientific space research pro- 
grams. and the ''number is staggering." 
Clark stated. He added that here 
production of both Jupiter and Thor 
inav lius'C some Jx-nefit in making tlie 
required number of boosters in IRBM 
thnist class as-ailable sooner since there 
is dual source production. 

Questioned regarding the relatise 
technical merits of U. S. and Russia, 
Clark indicated that one of the biggest 
problems wJiich has plagued military 
people and otlicrs is selecting the 
proper programs in latious areas to 
support. There is so invicli talent in 
tills nation devoted to these problems, 
and so manv different proposals vvliich 
furnish different approaches to the 
solution of many problems, tliat a 
proper clioice of what to support and 
wliat appears most promising in terms 
of time and money is difficult to make 
at present. 

There is some truth to the statement 
tliat there has been too much conserva- 
tism in liigli presidential advisory circles, 
Clark said, hut added that other factors 
have had equal influence on the cur- 
rent progress of the United States' 
space program, including flic factor of 


multiple proposals and approaches. 

Asked wliv tlicre lias not been earlier 
and more comprelicnsive basic research 
sponsored by tlic military some years 
ago which would have put this nation 
on a par with the Soviets in .satellite 
progress and otlicr fields. Adm. Clark 
said that at the time these efforts should 
liavc been supported, there were no 
definitely outlined military require- 
ments. and since there existed no re- 
quirements. there was no funding sup- 
port. He added that when a definite 
application became required, it was no 
longer basic research, but applied effort 
directed toward a specific goal. 

The U- S. can catch up with the 
Soviets witliin two vears, Adm- Clark 
said, adding that one of the Ihggcst 
steps in clasing the U. S.-USSR gap 
wa.s a dunged state of mind regarding 
the status of the two nations after 
Sputnik was launched. 

Retiring XJSAF Colonel 
Hits President’s Aids 

Los Angcles-Air Force Col, William 
O, Davis, whose resignation from serv- 
ice becomes effective this manth. 
blasted scientific advisers to the Presi- 
dent here last week as being responsible 
for the lag in the U. S. space effort. 
Simultaneously, he announced that he 
is lieeoming an offidal in Turbo Dy- 
namics Corp.. of Minden. Nev., where 
be said he will direct research into the 
"wliolc integrated field" of space tedi- 
nology. Davis, assistant to the director 
of laboratories, Wright Air Dcvelop- 
inciit Center, was earlier deputy com- 
mander for operations, US.AF Office of 
Scientific Research. 

Davis, .vliarply critical of U. S- prog 
rcss toward space, blamed conservatism 
of certain groups dominated by officials 
of “influential universities" for the lack 
of speed in overcoming the Soviet lead. 

Davis' criticism was underscored by 
his declaration of how he intends to 
operate Turbo Dynamics’ research effort 
as differentiated from the present gen- 
eral system in U- S. 

As research director for Turbo Dy- 
namics. Davis said be will want five 
labor.itories working in human factors 
and space medicine-materials, includ- 
ing solid state physics and clcctroradia- 
tion characteristics of various metals; 
electronics; clectiomagnefics; propul 
sion. again featuring electromagnetic 
work rather than conventional chemical 
or upcoming nuclear systems; systems, 
which essentiallv is an'information ex 
change in vvliicb cross fertilization of 
the four other fields is accomplished. 

'Hic research effort, he said, would 
involve 7S to 100 persons and lie sup- 

June 16. 1958 


Gen. Anderson Reprimanded 

Washington— Lt. Gen. Sannicl E. .Aiidctson, hc-ad of the .Air Research and Dcvcl- 
Donglus last week foe reporting that Air Force hoped to liiunch its three lunar 

Andcison's^ietiiaifa at a Milvs-aukcc press inference imincdiatcly drew fire from 
Roy %V. lolmson, director of the Defense Dc|>artmcnfs Adv-aneed Research Projects 
Agency, who declared that no final decision had been made as to firing schedules 
and that anv and all announcements concerning lunar probes would come from 
ARPA rather than the indisidiial services. 

Johnson's demmcialion was followed a day later by a formal statement Iroin 
Secreta/v Douglas- Douglas, acting on Defense Department orders, said Gen. .Ander- 
son “had no authority wliatsocvct to discuss dales when such launchings may be 
attempted and. as no final decision has been made by .ARPA. the so-called planning 
dates quoted b\ Gen. .Anderson should be vshollv disregarded.'' 

lolmson, obi-ioiislv angered hv what he considered an infringement on ARPA 
prerogative, emphasized that “ARPA will decide when these shots will be attrnnpted.’’ 
The decisions, he .said, "will be predicated on the development of the instruments, 
the hardware and, more im|X)rtantlv. the tracking equipment. The aimounccmcnt 
will be made bv ARPA." 

As repotted by .Aviation Week (June 2, p. 15). first of the three Air Force hnur 
probes, originally schednied to be fitcrl on Aug. 16, probably will be debyed. 
primary reason fni the deby is that the receiving equipment will not he installed by 
that time, and persoimel associated with the project do not eipect the first launch 
to be made until near the end of the year unless authority for an all-out effort is 
received. 

Payloail will be approximately 30 lb., and some insttmncntalion will be carried in 
addition to the necessary telemetering equipment. 
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putted by required kibrir.itriry facilities 
but wtiuld spcdalize in thinking rnthcr 
tlian doing, in evolution of nen con- 
cepts and approaches. Davis said en- 
giiifiTiiig til assure feasibility vwmld In 
accomplished if indicatcxl, required 
.Hid or funded. 

He also decLired that curreiitly tliere 
iv no one who has specialized in the 
whole of space technology, nor. he 
.idded. is there anyone in the U. S. now 
eliarged spccificallv witli producing new 
eoncept.v or new approache.v in space 
Icchnologv. 

President iif Turbo Dynamics, or- 
ganized last year, is Jamc.v Hoffman. 
Cumpam is licadqnartercd in Minden 
.It Douglav-Talioe -Airport, around 
which company hopes to build an in- 
dustrial park. Hoffman indicated that 
the companv alreadv has income from 
r.thcr .sources such as oil and metals 
supply businesses and has also sold stock 
to raise approximatcK 51 million. Firm 
will live its income from “imnidam" 
sources to support its research and de- 
vcTopiiient efforts, according tn Davis 
and Iloffmaii. First year's expenditures 
are set at approximatclv SI million, 
witli approximatclv one half to he com- 
pany funds from its other sources of 
inexnne. plus its capital. 

Senate Group Details 
Space Agenev Proposal 

'A’ashington- Creation of a seven- 
man policy making board to establish 
and supervise the National Space Pro- 
gram was teeominended last week in j 
bill approved by the Special Senate 
Committee on Space and .Astronautics. 

Tlie bill, approved by a unanimous 
vote of tile committee, also calls for a 
National Aeroniiutics and Space .Agena' 
to be licadcd by a director and a dcpiitv 
director to assume res|)0iisibi1itv and 
direction of all non-militarv space aefivi- 

The House csirlicr passed legi.'lation 
by a unanimous vote that would create 
a similar agency' hut one headed bv a 
|iowerful administrator with comptetc 
control over civilian space projects, it 
also prov ided for a 17-man hoard to act 
m an advisory capacity to tlie admin- 

Scn. Lv'iidon Johnson (D.-T'ex.), com- 
mittee chairman, said the ovcT-all spaa' 
program is too important to place ail 
antfinrity with a single head. 

The hill calls for the board to be es- 
tablished in the executive offia- of the 
President. Its mcmJjcts would consist 
of the secretaries of Defense, and State, 
the chairman of the .Atomic Encrgi 
Commission, tlie Space .Agenev Director 
and tlie heads of three other interested 
government agencies. 

Other major differences between the 
Senate and House versions include; 



• Senate hi)! calls for a Joint Congres- 
sional Committee on Aeronautics and 
Space. The House bill originallv con- 
tained a similar provision but w;is de- 
leted on a motion by Rep. Jolm Mc- 
Cormack (D.-Mass.) House Space Com- 
mittcc chairman. 

• House bill establishes Militarv and 
-ARC Liaison Cnnmiittee and Afilitarv 
and ,AEC .Applications Divisions while 
the Senate version leaves such commit- 
tees and divisions to tlie discretion of 
tlie .Agciicv Director. 

Senate ApproAes 
Record CAA Budget 

A\'asliiiigton-Seii;itc last week a]j- 
proved a record biscai 195*5 budget for 
Civil .Aeronautics .Administration. Tlie 
total was S438 million. S91 million over 
CAA's Fiscal 1958 allocation. 

Concurrently, the President re- 
quested S66.2 inillimi in additional 


funds for the following projects. 

• New aiqjort for the District of Co 
liimbia. 555.5 million. With the 512.5 
million appropriated for Fiscal 1958. 
kind acquisition is under wav and a 
contract for detailed engineering plans 
and spccificatinns has been negotiated. 

• Operation and regulation, 512.7 mil- 
lion. This is for recruitment and train- 
ing of traffic controllers, maintenance 
technicians and other personnel to as- 
sure that newly installed air traffic 
control and navigation facilities will lie 
placed in service as soon as nossihlc. 

Senate also approved tlicsc l-'iscal 
1959 appropriations; 

• Civil Aeronautics Board, S6. 1 million. 
This is S610.600 more than CABs 
Fiscal 1958 allocation. 

• Airlines subsidies, S-fO.7 milliiui- 
S>.5 million more than for Fiscal 1958. 

• Airways Modernization Board. S54.' 
million. This is the amount requested 
and 54-5 million more tiian approved 
b',' the House. 
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Nuclear Rocket Faces Problems 


Angeles— Ad\antcigc's of the 
nuclear roclcct arc ovetestimnfed b\ 
m:iu\ people in Hie industr>' and de- 
leliipiiicnl difficulties are imdercsri- 
iiiated. a hmchcon of the seiniaumia) 
meeting of the Anictiean Rocket So- 
eietv was told here b\- Norris E. Brad- 
biir>', director of Los Alamos Scientific 
l.alrorators'. He said the nuclear rocket 
project is expensive hut predictc-d it 
«'ill yield a successful propulsion sys- 
tem and superior reactors. 

Bradbun said mam' otherwise well 
infonned people haie been l«l to l)c- 


lieye that the nuclear rocket's achan- 
tage oser comcntional rockets in spe- 
cific impulse would be nearly as great 
as the adiantagc of nuclear explosives 
met comcntional ones. This would 
give specific impulses on the order of 
>0 or 35 million, .\ctually. he said, im- 
prosement oier coneentional propel- 
lants would be by a factor of from two 
to four, gising specific impulses of 1,000 
to 1,500 lb,/lb. see. at bc.st. 

Potential iniproscmcnt bi' a factor of 
about 1 30,000 would require the direct 
use of the cne^y released bv fission 


and no means of doing this is in sight. 
Direct use might be possible if tfiere 
were a gaseous fissionable fuel whicli 
could offer both energy and propellant 
mass. Since fission is a random process, 
control of the reaction might be im- 
possible in a high velocity stream of 
fuel. Btadburs reportea that with the 
brief time constants necessary in a 
rocket, control is difficult men using 
current solid fuel reactors. 

Bradbury wid a flightless nuclear 
lockct called "Kiwi A" will be fired at 
Los .Mamos in the latter part of this 
year. A later static test nuclear rocket 
called ■'Dumbo" now is being designed. 
Bradbury's group yvill pas.s pro|3ellaut 
g.LS through the rciictor of Kiwi A at 
increasing tcniperatnres and xvill study 
the operation of the rocket yvith sloyv 
reactor yvarm-np, low thrust and long 
duration. Bradlnirv concedes that these 
conditions arc unrealistic from the 
standpoint of operational rockets but 
savs they are necessary in this eativ 
stage of development to analyse start- 
ing problems and problems of reactor 
and thrust chamber design. 

Rocket requirement for quick start, 
high thrust and re-lativcly brief dura- 
tion arc major roadblocks in dcselop- 
incut program. Necessity of getting 
reactor up to power yvitb minimum ex- 
penditure of propellant gas, lie-fore lift- 
off and dependence on some sort nf 
heat exchanger to impart energy to tlic 
liropcllant stream means that the re- 
actor and exchanger will be sulijccled 
to very great tlicrmal shocks. 

High thnist and brief duration yvill 
produce inefficient use of fissionable 
fuel with nmcli left nnu.scd at boriiimt. 
]3radbiiry called reactor control for a 
nuclear rocket a “yirtually insoluable 
problem" because of quick response to 
yariations in poyycr level needed to 
maintain programmed thrust. He 
pointed out that in current nuclear 
poyver systems, tlicrc arc 5 or 10 min. 
in which to make sloyv. careful adjust- 
ment of control rod positions whereas 
ill rockets, there will be seconds or less. 

Bradbury said the picture is nut as 
dark as these obstacles make it sccin. 
Ilc said that a relatively modest iin- 
proyeincnf in specific impulse can make 
a very significant iinproyement in pay- 
load or range. The nuclear rocket is 
free to use propellants yvitliout regard 
to combustion problems and could 
seek the Imvcst niolcciilar weight to get 
the best specific impulse. 'I'his and the 
yyeifht of the big reactor dictate that 
nuclear propulsion will be useful only 
in yerv large, high performance rockets. 
High cost due to large imesfincnt in 
fissionable material for use in an in- 
efficient reactor and high devcTopnrent 
costs created by difficulty of liandling 
radioactive materials during develop- 
ment yvork bay c the same effect. 


For the Convair Atlas Program, 



designed and manufactured the 

Thrust ancf W^eight 
Measuring System 


This 8-componeal system provides accuracies lo one- tenth of one pei 
SPACE: Thrust Measuring Systems (or USAF jet en^nes of all types. 


SPACE-a skll 
planning and 
equipment as 

Permanent, semi. ppitable 

Aircraft cabin leakage testers 
Altitude simulation chambers 
"K Missile liq 


Missile exercisers 
and flight simulators 

~j<. Missile erector actuator 
"K *ir Start Carts 


propellant detection systems 

Write for new brochure summarizing SPACE concepts, otg< 
facilities, and finished products. Oelailed Inquiries are also inv 
receive immediate and confiderriial allention. 

ENGINEERS 

L' rr/'r'.S' “ 
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Kuiizig Reprimanded 
B} CAB Members 

Washington— Statements in a telc- 
pbonc call from Robert L. Kun/ig, ex- 
ecutive assistant to the chairman of the 
Ciyil Aeronautics Board, to Robert bf. 
Ruddick, vice president of United -Air 
Lines, resulted in a denunciation of 
Kunzig's action last yycck by- Board 
members and a ree|ucst for his immedi- 
ate resignation by member Louis J. 
Hector. 

In a 750 word telegram to the Board. 
United President W. A. Patterson said 
Ruddick complained that Kunxig told 
him C-AB members were highly dis- 
turbed over the United president's testi- 
mony before the Senate .Aviation Sub- 
committee and that "retaliation " could 
be expected. Questioned bv Ruddick 
about the word. Kunzig said he meant 

^unzig also told Ruddick, according 
to tlie telegram, he had received several 
telephone calls from members of the 
Senate committee objecting to Patter- 
son's testimony , but he did not identify 
the callers when he yvas questioned by 
Ruddick. 

Patterson observed in the telegram 
that “honest men should not be sub- 
jected to retaliation for an expression 
of honest opinions." He infomicd the 
Board members that he thought it yvas 
his duty to the company and its stock- 
holders to assure them that there yvoxild 
he no retaliation. 

Patterson earlier told a Senate Avia- 
tion Snbcomniittec that C.AB findings 
in the 1957 collision of a Trans Ak'orld 
.Airlines 1049G Constellation and a 
United .Air Lines DC-7 over Crand 
Cany on were “an insult to our intclU- 
gcncc" and "one my grandchilcitcn 
could have written.’’ 

Patterson's telegram was ausyvered 
bv Board Chairman James Durfec yyho 
said the call was made yvithout the 
knoyviedge or authority of anv members 
of the Board -and did not reflect its 
y ieyvs. Durfee added: 

"Never to my knowledge has the 
Board eyer given any intimation of re- 
taliation or repercussions over any tliing 
that you or anyone else lias said alumt 
the Board, yvhether aitical of us or not. 
Nor lias the Board ever been activated 
bv any such consideration in its de- 
liberations or decisions." 

Member Harmar D. Dennv in a 
separate reply assured Patterson that 
Kunzig’s call was unauthorized and 
that Ills "unpardonable remarks" yvere 
considered "inexcusable.” 

Hector said he regarded the Kunzig 
call as an attempt by a government 
official to “broyvbeat" a private citizen. 

Hector added that he repudiated the 
action in its entirety. 

"To my mind tliere is only one yiay 


to repudiate an action of such serious 
import." Hector said. 

Hoyyeser, Durfee said that he yvill 
oppose the Hector motion to replace 
Kunzig. 

On the basis of his personal study 
of the evidence at hand, Durtc-e said 
that there appears to be a "consider- 
able misunderstanding." He added 
that, in the ntorc than tyvo years that 
Kunzig has served as his assistant, he 
had never found any occasion in yvhicli 
Kunzig’s actions were not "honestly 
motivated yvith both the best interests 
of tire Board and the public interest 


Senate Restores Cuts 
In Agency Budgets 

Washington- Cuts made by the 
House ill National Science Foundation 
I'iscal 1959 budget requests and all but 
S3S0.000 requested by the National 
•Adyisorv Committee for Aeronautics 
yy erc restored by the Senate last week. 

Conference committees have been ap- 
pointed in both Ilduses to iron out 
differences in the appropriations. 

Tlic Senate voted to restore S5.220,- 
000 cut bv rlie House from NACA's 
budget, bringing the Fiscal 1959 total 
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to SI06.?20.000-S9,600.000 below the 
I’iscal 195S appropriations. 

\ total of SHO million was asked 
bv tlic National Science l''oimdafion. an 
increase of 590,250,000 over Fiscal 
1958 appropriations, 'Hie House cut 
525 million, all of which «as restored 
by the Senate. 

In addition, a snppltincntal appro- 
priation of 57.550,000 has been re- 
ruiested. of which 54.4 million is for 
salaries and expenses, 52.950.000 for 
Inte'rnational Geophysical Year projects. 

Hiis is how the House and Senate 
N.\C.A budget versions differ: 

• Salaric.s and expenses— Amount re- 
ciue-sted was 580,480.000. House re- 


duced this by 52.580,000; the Senate 
restored S2 million. 

• Constniclion and eqiiipnrent— The 
amount requested was 526,220.000. 
House cut 55,220,000, all of which was 
restored b\ the Senate. 

The 1959 budget request of N.AC.A 
does not take into consideration huge 
incicases m expenditures ncccssarv for 
spice actiiities if the agenev becomes 
tile nucleus of the iie\i .N'litiona! .\cro- 
nautics and Space Administration, a 
inatter now pending before Congress. 

I'tinds for space exploration arc con- 
tained in the Defense Department 
Inidgct which would he transferred to 
the space ageiici after its apprmal. 


ATA Ad\ises Against 
Fluorescent Paint Plan 

V\'ashirigton— Cis i! .Aeronautics .Ad- 
ministration program to mark its fleet 
of aitcraft svitli dayliglit fluorescent 
|)aint for anticollisioii purposes lias 
failed to draw the support of the sched- 
uled airlines. 

C.A.A’s decision to paint its 92 air- 
craft ssith the "liglit reflecting’’ paint 
was the result of a “successful" experi- 
ment with a DC-5 \shich demonstrated 
that the aircraft was more casilv seen 
under most light conditions when 
marked with the paint. 

-Air ’rrimspotl -Assn., houcser. has rcc- 
oininendcd against immediate adoption 
of the paint by the scheduled airlines 
on the grounds that tlie CA.A findings 
;ire inconchisise regarding the effcctiic- 
ness and the durability of this ts^ie 

.At least four airlines and one heli- 
copter operator are conducting es'.ihia- 
tion tests with special liigli-conspicuitv 
paint. 

Approxiniatflv 15'Y to 20% of e.ich 
C.A.A airplane is to be cmercd with the 
“lilazc’’ orange fluorescent paint niami- 
factured by Switaer Brothers under the 
trade name of "Dav-Glo.” 

.Vpplicatinn of the jxiint and tiu 
marking designs used b\’ the C.A.A hine 
been approsed bv tlic .Air Coordinating 
Cominittcc- 

AT.A has taken the stand tlial tlie 
C.A.A project still is in the cxpcriniental 
stage. ’Ilic group admits that there are 
some indications that an aircraft painted 
with the fluorescent paint would be 
more \isible under some conditions of 
flight but points out that CA.A has 
found that, at greater distances, colors 
lose their identitv and aluminum fuse- 
lages arc more casih' spotted. 

Present plan of tlic AT.A is to make 
recommendations onlv after airlines 
using the |)aint report their findings 
and further data is prm ided bv the C.A.A 
and militan' senices. 

Canadians Purchase 
Runway Arrester 

Kmergenev oserrim safetv arrester 
sssfem. desclo[5cd bv .All -Aniericm Kn- 
ginccring Co., has been ordered by the 
Ros-ai Cnnadian .Air Force for installa- 
tion at sci'cn airports throughout Can- 
ada. 

Contract for ! 5 harrier svstenis cainc 
after testing of the deiicc at Up 
lands .Airbase, Ottawa. Ontario, b\- the 
.Air Worthiness Section of RC.AF’s 
C entral Fxperiniental and Ptoxing Ks- 
tablishnient. 

Test airoaft, which included the 54.- 
UOO lb. CF-100, successfully engaged 
the Isiirrier at speeds of 1 50 nipli. Safeh 
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ariestci is said to be capable of stop- 
ping aircraft traveling at 160 fct. 

Installation of two systems will bc 
coniplctcd by late suninict at Bagotxillc, 
Quebec; Cold Lake, Alberta; Coniox, 
British Columbia; Chathum, New 
Brunswick; North Bay. Ontario: and 
Uplands. Ontario. 

Ox ertun safety barrier system adopted 
combines the MA-IA barrier and Model 
540 “xv-.itcr squeezer” arresting engine 
tlex'clopcd bv All American. 


Swiss Military Head 
Attacks P. 16 Design 

Geiiexa— Sxviss Militarv Minister 

Paul Chaiidet has charged lliat I'liig & 
Fahr/.eiigxvcrkc. .Altciirhein (FFA] did 
not follow carefully design requirements 
for the P. 16 ground-attack airplane. 

An order for 100 production P. I6s 
was cancelled in a decision taken early 
this month by the seven-man Federal 
Coimcil, less than three months after 
the order xvas placed by majoritx' xotc 
in the Swiss parliament (AW’ Slarcli 
24. p. 65). ’Ibird prototype 1*.16 
crashed recently in the Lake of Con- 
stance. and the accident inxestigatiiig 
team has placed the primary blame on 
the plane’s lixdraulic power-control sx-s- 
tviii (.AW June 9. p. 25), 

An FF.A spokesman told .Ax i.mion 
W'f.f.k Ihc company xvas prepared lo 
ansxvcr each charge raised by the minis- 
ter, but tluniglit it proper to xvait xmtil 
the final report was presented at the 
end of the month. 

Chaudet indicated that certain struc- 
tural requirements, based on British cri- 
teria xvhicli the Swiss have accepted as 
guiding principles for aitcraft design, 
xx ere not met by the conipanv. 

Further, he charged the company 
had not notified milifarx' technicians of 
important changes in the design as re- 
quired by contract. 

Meantime, American and other sales 
teams liaxe begun again to besiege Bern, 
tile Sxviss capital and bcadquarter.s of 
the military and technical groups con- 
cerned xvitii procurement. It ajipears 
•hat the question of xvhat the Swiss xx ill 
buy is again an open one. with rumors 
last xveek f.ixoring the purchase of ))cr- 
liaps another 50 Hawket Hunters. 'Ibis 
may be one xxay for the Sxx iss to tesain 
the money already paid Arinstrong-Sid- 
aclcx' Motors Ltd. for license produc- 
tion of the P.16’s Sapphire turbojet 
engine. Hawker is another member of 
the Ilaxxkcr-Siddeley Group, and only a 
paper transaction xxould be needed to 
keep the money inside the group. 

Most Sxviss opinion still faxors li- 
cense production of an airplane in the 
country, and the militarv pilots still 
have high interest in scxcr.il non-Sxvi.xs 
lyjjes including the Grumman FI IF-IF 
Super Tiger, and the Saab Draken. 


Thor 

SNARK 

TITAN 


' POLARIS 



“Custom Tailored Atmosphere” 
for U. S. Missiles 


If your problem involves the conditioning of air betxveen — fiS'F. and 
4-165 F for test or ground support purpose.x — regardless of air quan- 
tity or dew-poim conditions — we can solve it. Wo already have 
designed and built such systems for others. We can do the same for you! 
Our Engineering and Research Department recently has made a Break- 
Through in dew-point control for low moisture content of air. We 
have achieved a production unit that can deliver less than / grain o} 
moisltire conieni per pound of dry air at any delivery temperature from 
O F. to 4-I80 F. Write us today if you have an air conditioning prob- 
lem in your missile program. We have engineered and manufactured 
more different types of specialized aviation air conditioning ground 
support equipment than any other firm. 


C. G. HOKANSON COMPANY, INC. 

2140 Pontius Avenue • los Angeles 25, Calif. 
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OF 

GROWTH 


and the System>Oriented Engineer 

Technical growth thrives when two basic conditions are combined ; 
(I) a complex program that explores new areas of science and 
engineering and (2) engineers and scientists whose personalities 
demand that their work extend them to the utmost. 

Both conditions exist at System Development Corporation. 
Now, with significant expansion in progress, a number of new 
positions have been created for system-oriented engineers. The 
work involves studying the multitude of interactions possible 
among advanced aircraft, missiles, and electronic devices with each 
other and with human elements in the nation’s most extensive 
man-computer system. 

To qualify, substantial experience with air-to-air or ground- 
to-air missile systems is required together with demonstrated apti- 
tude in the field of system planning. Write for more information 
or call collect. Address R. W. Frost, System Development Cor- 
poration, 2404Colorado Avenue, Santa Monica, California ; phone 
EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


News Digest 


Lewis L, Strauss, cliainiian uf the 
.■Uoinic Energv' Commission for the 
jwst Et c years, will retire at the end of 
his present term on June 30. In a letter 
to President Eisenhower, the controver- 
sial AEC chairman said he believed a 
change in the chairmanship advistihle 
because of "circumstances bevond tbe 
contrtil of either of us." Strauss will be 
succeeded on the commission bv John 
A. McCone, West Coast business man 
and former Undcrsectelart' of tlie Ait 
Korce. McCone probabb’ also will take 
over the cliainnansJtip after hi.s conErm- 
ation as a connnission member liy the 
Senate. 

Grumman Aircraft and .Mitsubishi 
Heavy Industries base agreed on a pro- 
gram for producing 300 FI 1 F-1 F Super 
I'igct Eghtcis for Japan's Air Sclf- 
13efense I'orcc. T lie Japanese coinpam' 
will act as prime contractor of nearly 
all 300 aircraft. Grumman will produce 
a small part of the total, with dclivcrs- 
of the 300th aircraft scheduled for 
1964. 

Lockheed will produce tecoserable 
Mach 2 target drones for the Armv 
under S7.5 million contract. Formerly 
designated Q-3. Kingfisher is the drone 
\crsioii of the X-7 ramjet test vehicle 
(AW Mar. 3. p. 329). 

Ryan .Aeronautical Co., San Diego, 
Calif, reported earnings nf 5833,299 for 
sL\ month period ending April 30, 1938. 
an increase over 5573.634 earned dur- 
ing a similar period in Fiscal 1937. Per 
share earnings «ere 51.90. compared 
with 51.28 last vear, and net sales and 
other income totaled 535,374.896. as 
against 530,069,769 for the same period 
last year. 

Royal Canadian Naiy McDonnell 
F2H figlitcrs will be fitted u’ith Side- 
winder missiles. Sidewinders, purchased 
from the U. S. N'ai y. are now filing 
with RCX experimental squadron aiicT 
svill be gi'Cn to operational s<juadroiis 
as soon as airaaft modifications arc 


ASW Elecira 
Dimentsions 

Lockheed's Plectra anti-siibmariiie war- 
fare version, designated l’3A'-l for the 
Navi', will have the same dimensions as 
the Electra transport, but will have a 
123.S00 lb. design takcofi and maximum 
landing weight. Normal landing weight 
Kill be 69.000 lb. 33'ing loading at 10?,- 
500 1b. will be 77.3 Ib./sq. ft. Power 
loading at this weight will be 6.2 lb./ 


298 


AVIATION WEEK, Ji 


16, 1968 


EMPLOYMENT OPPORTUNITIES 


/toyoung\ 

SYSTEMS 

ENGINEERS 

{EE, ME, AE or Physics) 

2 to 7 Years "Out” 


D&D Positions Now Open 
with Generai Eiectric 
on Long-Range Baiiistic 
Missiie Systems 


Progressive design and devel- 
opment programs in the field of 
inertial guidance and fire con- 
trol provide these new, long- 
term growth opportunities at 
General Electric's Ordnance 
Section. 

Write us if you feel you can 
make a creative contribution to: 

• design and evaluation ef ballistic 
missile inertial systems 

• laboratory and field evaluation of 
associated lire control systems 

• subsystem specifications 

• systems testing at laboratory and 
field sites 

Salary commensurate with ex- 
perience. 

Location — Pittsfield, Mass., in 
the heart of the Berkshire sum- 
mer and winter recreation 
country, 


Send resume in con/rdciTce fo.- 
Mr. W. S. Fielding, Div. 58-WX 

ORDNANCE SECTION 


MISSILE & ORDKUICE SYSTEMS DEPT. 



STANFORD RESEARCH INSTITUTE 

OPERATIONS ANALYSTS 

INDUSTRIAL ENGINEERS 


OfrfianttiHitieA £tt 

"picUU : 


Cost and Availability of In- 
dustriol Items with Emphasis 
on Industrial and Admini- 
strative Lead Time 

Correloted Analysis of Costs 
and Scheduling 


BS 


EE. ME or Industrial 
Engineering 

MBA or MS in Industrial 


PROFESSIONAL EMFLOrMENT MANAGER 
STANFORD RESEARCH INSTITUTE 
MENLO PARK, CALIFORNIA 




SALES 

ENGINEERING 

OPPORTUNITY 

prominent corporollon In the oirerall equipment induitry — o leader in 
the deiiqn and quanllly manulacluie ol gyroscopic IliDhI relerence aod 
control systems for missiles and manoed oireralt. 

Applicant's engineering background must be sulliclent to obsorb 
tecfanical orienlalion in advanced engineering davelopmenu In gyro- 
Bcopics and space technology. 

Responsible poslllons avolloble in field soles offices for gtaduale 
engloeen, E.E. or M.E. degree, with background in applications anginaer- 
ing. marketing, coouacl negotiations, and technical sales supporl. Salary 
conimensurote with obUily, 
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ENGINEERS... 

Lei*s Tr&de ideas! 

SPERRY PHOENIX 


and 

here’s 



If data sensors." gyroscopics and/or advanced electronics are your 
specialty, your ideas are needed by this new, important division oI 
Sperry Rand Corporation. 

And we know you and your family will like the idea of wholesome, 
sun-filied. fun-filled life in Phoenix ! You'll like the year-around picnic 
tieathcr . . . clean, dry air . . . spectacular scenery , . , remarkably low 

to work. You'll like Arizona's well-rated grade ami high schools... 
and the fact that nearby colleges offer you advanced courses. 

You find your jamity ii-ill like the idea of living in friendly, 
easygoing Phoenix! 

We're building a basic stall at Sperry Phoenix Company to spear- 
head research, development and applications. Starting salaries and 
opportunities for increases are right at the lop. There’s a great future 
for top-noteh idea men . . . and their families ... in Phoenix. 

Here's ancther snort iSe»-. mail the coupon lodayl 
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USE 

NATIONAL 

CLASSIFIED 

ADVERTISING 

for brirtging business needs c 
opportunities to the attention of 
men associoted in administra- 
tive, executive, monogement, 
soles and responsible technical, 
engineering and operating ca- 
pacities with the industries 
served by McGraw-Hill publica- 
tions. For advertising rates or 
other information write: 

Classified Advertising Division 

McGraw-Hill Publishing Co.. 
Inc. 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS & SCIENTISTS 


General Electric Reports Progress 
in Its Aircraft Nuclear Propulsion Program 



I N THE MONTHS since Original 
ground tests at the National Re- 
actor Test Station at Idaho Falls 
demonstrated the feasibility of Gen- 
eral Electric’s T urbofet Direct Cycle 
Nuclear Power Plant for aircraft, 
technological advances have been 
made in many areas: materials, 
shielding, reactor and component de- 
sign, actual hardware. Pot example: 

...development of a new braze 
alloy with melting point at 2033° F, 
brazingtemperature2 100-2 150°, ten- 
sile strength (at 1200°) 60,000 psi. 

...development of delicate elec- 
tronic circuitry to withstand thermal 
and radiation extremes inherent in 
the small size and high-power den- 
sity of a reactor for aircraft. 1000 
hours of reliable operation have been 



clocked, for example, for a Pre Am- 
plifier sub-assembly (shown here), 
while subjected to temperatures 


ranging up to 842° F and exposure 
to 90% of maximum radiation of 
Oak Ridge graphite test reactor 
(approximate p>ower level 3.5 mega- 
watts). This performance was made 
possible by extensive use of ceramic 
and refractory metal components. 

Extremely complex problems are 
being solved that will enable testing 
in flight of the first prototype power 


To bring this day nearer and faster, 
additional engineers and scientists are 
needed in specific areas: 

• MATERIALS DEVELOPMENT 

(PhD calibre) 

• TKEOBETiCAL PHVsics ('flcscari:/i exp. ) 

• FLUTTER fc viBHATio.N (MS preferred) 

• APPLIED MATHEMATICS (BS OT MS) 

• DESIGN OF REMOTE HANDLING 
EQUIPMENT fBS or MS) 

• PERFORMANCE ANALYSIS. 

TURBOJET MACHINERY (AE Of ME) 


IW THi SRECIPICATIONS FOI THESE SPECIAlinS’ ASSICNIAENTS DOVETAIL WITH TOVI aUAllEICATIONS 
-AND TOUR PROFESSIONAL INTEREST IN CONTRItUTING SIGNIFICANTLY TO A PIONECEING FIELD? 


Write fn confidence, including salary requirements to: Mr. P. W, Christos, Div. 58WX 

AIRCRAFT NUeiRAR PROPULSION DEPARTMENT 


GENERAL 



ELECTRIC 


P.O. Box 132, Cincinnati 15, Ohio 
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EMPLOYMENT OPPORTUNITIES 



to live and work 


Ann Arbor, Michigan, is a friendly town, small enough to move 
around in easily, large enough to pro\’idc every adsantage you 
could find in a big rity— and many that you rouldn'c. It's a cultural 
town with its spring Music Festival and its Drama Season (featuring 
world-famous performers ). It's an exciting toevn on a crisp football 
Saturday in the fall. It’s an ideal town in any season. Excellent 
schools, fine nearby rcci-eaiional areas and the world-renowned 
University of Michigan and its Medical Center help make it a 
wonderful place to live and raise a family. 

You’d like working for Bendix Systems Division in Ann Arbor, 
newest division of Bendix Aviation Corporation, Located adjarent 
to the University of Michigan and its fine engineering school, 
its function is to integrate Bendix skills and facilities for systems 
planning, development, and management. 

Specifically, we need men with experience in: 

SURVEILLANCE & RECON: radar, infrared, acoustics 
WEAPONS: missiles, aircraft subsystems, guidance and control 
DATA PROCESSING; analog and digital computers, displays 
NUCLEAR; reactors, propulsion, special weapons 
COMMUNICATIONS: radio, digital, data links 
NAVIGATION: radio, inertial, ground-rontrollcd 
COUNTERMEASURES: ECM, eicctronic warfare 
OPERATIONS ANALYSIS 

For an interview, write Dept. A-616or call NOrraandy 5-6111 


Bendix Systems Division 

ANN ARBOR, MICHIGAN 







mtmi 




IN ALL INTERESTS 
OF AVIATION 

If You're Important, you either read 

AVIATION WEEK 

or you advertise in It, or both 


AVIATION WEEK, 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


SYLVANIA OPENING 

NEW DATA PROCESSING LABORATORY 

IN SUBURBAN BOSTON 

“Programmed” staff expansion offers exceptional growth opportunities 
to engineers and scientists in Digital Computer Activities 

If you have the potential to aesumo increasing technical responelhilltles in this held, 
look into the expanding nnalysie and developn<ent acCivitiei at Sylvania'e 
newly formed DATA PROCESSING LABORATORY where Sylvanla ' 







I. OEVaOPMEUT EN6INEERS 


sa. PROCR»MMEES create addition: 
UATNEMATiCaL ANALVSTS in the following 
ENSntEEAS WITH EIPESIEKCE 




Interview and relocation expcnacs paid by Sylvania. Inquiries will be 
answered within S weeks. Convenient Saturday inlerviowa arranged. 

WALTHAM LABORATORIES Electronic Systems Division 

W SYLVANIA 


MISSILE SYSTEMS 




AVIONICS UBOhATORV 
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EMPLOYMENT OPPORTUNiTIES 


WIAPONS EVALUATIOI 
and iSSILE 


FE^SIBIlin STUDIES 

CRYOGENICS ENGINEER 





R oa an^ We po 
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CHANDLER-EVANS DIVISION 


PRATT £ WHITNEY CO., INC. 


' ' 1 

'wsry,rs;.t”'cT.s;ri^^^^ 

• 

ENGINEERS 

ELEOTI^ONIC 1 

HELICOPTER PILOTS and MECHANICS 

■BN-O-IKTEER, j f,VilL 

KEYSTONE HEIKOMER CORPORATION 



_J ! ....1. , 


ceselul conclusion con go lar a< the G-E light Mllilary 

BOX NUMBER 

GENERAL0ELECTRIC 
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AVIATION 


RESEARCH A DEVELOPMENT ENGINEERS AND SCIENTISTS 



a/ every a//ifude rv/iere ve/irc/e<: vow Jff 
or me// /^ream (ff/y/r/^/Z/erv... 

REPUBLIC AVIATION OFFERS 
OPPORTUNITY ON VITAL PROJECTS 


Broad-Based Activities in Missiies, 





FARMIN80ALE, L 





CLASSIFIED 


ADVERTISING 


Searchlight Section 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 
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Where is your future 
in Missile Engineering? 

It’s your move. %ur experience as a specialist in aeronautical 
design work qualifies you for good positions with a number 
of capable organizations. But somewhere is that special situ- 
ation that will lead to the rewarding future you want. 

Before you make your next move, you’ll want to take a long 
careful look at the leading companies in missUes and where 
they are heading. Your company list wQl include Raytheon 
—now prime contractor for the Army Hawk and Navy Spar- 
row III, with continually expanding development programs 
that need the talents of capable men in: 

STRUCTURES: Stress analysis • Structural design • Dynamic analy- 
sis • Sialic testing • Weight analysis 

AERODYNAMICS (Missile): Stability and Conirel • Air loads 
Performance 

WIND TUNNEL TESTING • AERODYNAMIC HEATING 
ROCKET ENGINEERING (Solid) 

For interview in Bedford, Mass., please write, wire, or phone 
collect to CRestview 4-7100. Ask for R. W. McCarthy. 

RAYTHEON MANUFACTURING COMPANY 
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FROM TOUCHDOWN TO TAKE-OFF 

WITH AN INTEGRATED BENDIX LANDING GEAR SYSTEM 


When landing, taking off or Just taxi- 
ing, safety depends upon the unfailing 
teamwork of everything that inake.s up 
the landing gear system. 

Retractor actuation, control valves, 
nose wheel steering, power br.-iking, as 
well as wheels, brakes and shock- 
absorbing struts — even tires — these are 
the things that make up the complete 


landing gear system. .-\nd it is vital that 
all components function together with 
split-second accuracy and efficiency. 

That is why Bendix* specializes in 
complete and integrated landing gear 
systems. For, components that have 
been designed and engineered to work 
together give better and more depend- 
able performance than any arbitrarily 


assembled system. The components of 
a Bendix landing gear system are 
engineered as a matched set, theti 
tested and tuned to work together like 
a trained crew. 

So, when it comes to gear for landing, 
think and plan in terms of a complete 
landing gear system. Then we suggest 
you think of Bendix and Bendix 
Products llivision at South Bend, Ind. 


Bendix m?"sSS^ South Bend, 


IND. 






A DOUBLE SAFETY FACTOR 

plus comfort and performance 


Reynolds Aluminum Meets Douglas DC-8 High Quality Standards 


Douglas’ new DC-8 Jetliner will be one of the biggest, 
fastest, highest-flying commercial airplanes when it goes into 
service next year. Safety conscious Douglas engineers designed 
the DC-8 to be both fail-safe and fatigue-resistant. 

This double safety factor called for thorough testing, high 
standards of quality and performance, plus living room comfort 
in flying. Premium size sheet and plate from Reynolds provided 
Douglas design engineers with the raw material necessary to 
meet these demands. 

Reynolds large, integrated facilities— unmatched in the 
aluminum industry — have long supplied the highest quality 
mill products to Douglas and the entire aircraft industry. 

For the highest quality in the widest ranges of sizes, 
shapes, and alloys in aluminum — and for skilled engineering 
and design services — call on Reynolds. Write Reynolds 
Metals Company, P.O. Box 2346-TJ, Richmond 18, Virginia. 



are made with 


REYNOLDS ^ALUMINUM 

• eevNOiosMerAis co«»i‘N'' 


For below-mill quantities of AND sections and other aircraft 
shapes, contact our aircraft extrusion distributor, Pioneer 
Aluminum, Inc. . 5251 West Imperial Highway, Los Angeles 
45, California. Telephone; ORegon 8-76fc1. 

Wotch Reynolds All-Family Television Program, 
"DISNEYLAND”, ABC-TV. 
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